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ABSTRACT 
 
          The objective of this thesis is to obtain a high grade concrete in Sudan 
by using local available materials and small amount of cement as possible by 
using cement replacement materials (fly ash) with high workability that is 
normally required when using pumps to construct high rising structures. 
High workability is achieved by adding admixtures to the concrete mix to 
make it workable with low water-cement ratio.                                                 
         To achieve that purpose, the constituent materials of concrete mixes 
were brought from different sources around Khartoum state and were tested 
in the laboratory to make sure those materials are chosen according to 
standards. Also mineral admixture (fly ash) was used as a replacement of 
cement to decrease the amount of cement and to avoid shrinkage (cracks) 
due to high heat of hydration and at the same time to give high grade 
concrete.                                                                                                             
The experimental program was divided in two phases:                                    
 First phase: Preliminary studies on basic materials and the effect of 
recommended doses of admixtures on the properties of fresh and hardened 
concrete.                                                                                                             
Second phase: Concrete testing program which contains eight mixes:            
• Ordinary reference mix. 
• Four mixs with admixtures (superplasticiser). 
• Three mixs with admixtures (superplasticiser dosage 1.5 
litter/100 kg cement and different percentages of fly ash). 
    The results of Preliminary tests were carried out to ensure 
that the main constituents of concrete were adequate and 
conforming with the requirements of the standards. 
  
The results of Second phase were studied & analysed:  
• Increase in the workability of concrete (slump from 10 to 240 mm). 
•  Increase in the strength by 40.5 % at 28 days (79.2N/mm2) 
The effect of fly ash was also studied: 
• The percentages used in this study did not give the same 
strength in early age of the same mix without fly ash. 
• The conclusions and recommendations were given. 
  
  ﺍﻟﺨﻼﺼـﺔ
ﺇﻥ ﻫﺩﻑ ﻫﺫﻩ ﺍﻷﻁﺭﻭﺤﺔ ﻫﻭ ﺍﻟﺤﺼﻭل ﻋﻠﻲ ﺨﺭﺴﺎﻨﺔ ﻋﺎﻟﻴﺔ ﺍﻟﺠﻭﺩﺓ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻭﺍﺩ         
ﺍﻟﻤﺤﻠﻴﺔ ﺍﻟﻤﺘﺎﺤﺔ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﻭﻜﻤﻴﺎﺕ ﻗﻠﻴﻠﺔ ﻤﻥ ﺍﻷﺴﻤﻨﺕ ﺒﻘﺩﺭ ﺍﻹﻤﻜﺎﻥ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺒﺩﺍﺌل ﻟﻸﺴﻤﻨﺕ 
ﻤﻊ ﻗﺎﺒﻠﻴﺔ ﺘﺸﻐﻴل ﻋﺎﻟﻴﺔ ﻭﻫﻲ ﻤﻁﻠﻭﺒﺔ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻀﺨﺎﺕ ﻓﻲ ﺍﻷﻋﻤﺎل ( ﺍﻟﺭﻤﺎﺩ ﺍﻟﻤﺘﻁﺎﻴﺭ)
ﻹﻨﺸﺎﺌﻴﺔ ﺍﻟﻜﺒﻴﺭﺓ ﻭﺫﻟﻙ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺇﻀﺎﻓﺎﺕ  ﻜﻴﻤﻴﺎﺌﻴﺔ ﻟﻠﺨﻠﻁ ﻭﺍﻟﺘﻲ ﺘﺠﻌل ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺸﻐﻴل ﻋﺎﻟﻴﺔ ﻤﻊ ﺍ
  . ﺘﻘﻠﻴل ﻨﺴﺒﺔ ﺍﻟﻤﺎﺀ ﻓﻲ ﺍﻟﺨﻠﻁ
 ﺭﻤﺼﺎﺩﻤﻥ  ﺃﺤﻀﺭﺕ ﻴﺔ ﺍﻟﺨﺭﺴﺎﻨﺨﻠﻁﺎﺕ ﻟﻠﺍﻷﺴﺎﺴﻴﺔ، ﺍﻟﻤﻭﺍﺩ ﺽ ﺍﻟﻐﺭﻫﺫﺍ              ﻟﺘﺤﻘﻴﻕ
 .ﺭ ﻁﺒﻘﺎﹰ ﻟﻠﻤﻌﺎﻴﻴﺍﺨﺘﻴﺭﺕ ﺩ ﺍﻟﻤﻭﺍﺘﻠﻙﻟﻠﺘﺄﻜﺩ ﻤﻥ ﺃﻥ  ﻌﻤل ﻓﻲ ﺍﻟﻤﻭﺍﺨﺘﺒﺭﺕﺍﻟﺨﺭﻁﻭﻡ ﺔ  ﺤﻭل ﻭﻻﻴﺔﻤﺨﺘﻠﻔ
ﺒﻘﺩﺭ  ﺕ ﺍﻹﺴﻤﻨﺔ ﻜﻤﻴﺘﻘﻠﻴل ﻟﺃﺴﻤﻨﺕل ﺩﺍﺌﻜﺒ( ﺍﻟﻤﺘﻁﺎﻴﺭﺭﻤﺎﺩ ﺍﻟ)ﺔ ﻤﻌﺩﻨﻴﻭﺃﻴﻀﺎ ﺍﺴﺘﺨﺩﻤﺕ ﺇﻀﺎﻓﺎﺕ 
 ﻨﻔﺱ  ﻓﻲﻌﻁﻲﺘ ﺒﻴﻨﻤﺎ  ﺍﻻﻤﺎﻫﺔﺤﺭﺍﺭﺓ ﻨﺘﻴﺠﺔ ﻻﺭﺘﻔﺎﻉ ﺩﺭﺠﺔ ( ﺍﻟﺘﺸﻘﻘﺎﺕ )ﺍﻻﻨﻜﻤﺎﺵ ﻟﺘﻔﺎﺩﻱ ﺍﻹﻤﻜﺎﻥ
   .ﻋﺎﻟﻴﺔ ﺍﻟﻤﻘﺎﻭﻤﺔ ﺔﺨﺭﺴﺎﻨﺕ ﻭﻗﺍﻟ
  -:ﻴﻤﻪ ﺇﻟﻲ ﻗﺴﻤﻴﻥ ﺒﺭﻨﺎﻤﺞ ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﺘﻡ ﺘﻘﺴ
ﺍﻷﺴﻤﻨﺕ ﻭﺍﻟﺭﻜﺎﻡ ﺍﻟﻨﺎﻋﻡ ﻭﺍﻟﺭﻜﺎﻡ )ً ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﺍﻷﻭﻟﻴﺔ ﻋﻠﻲ ﺍﻟﻤﻭﺍﺩ ﺍﻷﺴﺎﺴﻴﺔ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ : ﺃﻭﻻ
  ( .ﺤﺴﺏ ﻤﺩﻯ ﺍﻟﺠﺭﻋﺔ ﺍﻟﻤﻭﺼﻲ ﺒﻪ )ﺍﻟﺨﺸﻥ ﻭﺍﺨﺘﻴﺎﺭ ﺍﻟﺠﺭﻋﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻤﻥ ﺍﻹﻀﺎﻓﺎﺕ 
  -: ﺘﻡ ﻋﻤل ﺒﺭﻨﺎﻤﺞ ﺍﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﺨﺭﺴﺎﻨﻴﺔ ﻭﺫﻟﻙ ﻟﺜﻤﺎﻨﻴﺔ ﺨﻠﻁﺎﺕ ﺨﺭﺴﺎﻨﻴﺔ ﻭﻫﻲ :ﺜﺎﻨﻴﺎﹰ
 ﻠﻁﺔ ﺍﻟﻤﺭﺠﻌﻴﺔ ﺍﻟﺨ •
 (ﺍﻟﻤﻠﺩﻨﺎﺕ)ﺃﺭﺒﻌﺔ ﺨﻠﻁﺎﺕ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻀﺎﻓﺎﺕ  •
ﻤﻊ ﻨﺴﺏ ﻤﺨﺘﻠﻔﺔ ( ﻜﺠﻡ ﺍﺴﻤﻨﺕ001/ﻟﺘﺭ5.1)ﺜﻼﺜﺔ ﺨﻠﻁﺎﺕ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻀﺎﻓﺎﺕ  •
 .ﻤﻥ ﺍﻟﺭﻤﺎﺩ ﺍﻟﻤﺘﻁﺎﻴﺭ
  -:ﻨﺘﺎﺌﺞ ﺒﺭﻨﺎﻤﺞ ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﻓﻲ ﺍﻟﻘﺴﻡ ﺍﻟﺜﺎﻨﻲ ﺘﺸﻴﺭ ﺇﻟﻰ ﺍﻨﻪ ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻹﻀﺎﻓﺎﺕ ﻟﻠﺤﺼﻭل ﻋﻠﻲ 
 . ﻤﻡ042 ﻤﻡ ﺇﻟﻰ 01ﻤﻥ (ﺍﻟﻬﺒﻭﻁ)ﺯﻴﺎﺩﺓ ﻓﻲ  ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺸﻐﻴل  •
 82ﻋﻨﺩ ﺍﻻﺨﺘﺒﺎﺭ ﻓﻲ % 5.04ﺯﻴﺎﺩﺓ ﻓﻲ ﻤﻘﺎﻭﻤﺔ ﺍﻟﺘﻬﺸﻴﻡ ﺒﻨﺴﺒﺔ  •
 ( .2mm/N2.97)ﻴﻭﻡ 
 ﻜل ﻨﺴﺏ ﺍﻟﺭﻤﺎﺩ ﺍﻟﻤﺘﻁﺎﺌﺭ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻡ ﺘﻌﻁﻲ •
ﻤﻘﺎﺭﻨﺔ (  ﻴﻭﻡ82)ﻨﻔﺱ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻓﻲ ﺍﻟﻌﻤﺭ ﺍﻷﻭﻟﻲ ﻟﻠﺨﺭﺴﺎﻨﺔ 
 .ﺒﺎﻟﺨﺭﺴﺎﻨﺔ ﻏﻴﺭ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻓﻴﻬﺎ ﺍﻟﺭﻤﺎﺩ ﺍﻟﻤﺘﻁﺎﺌﺭ
 .ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﻌﻤﻠﻴﻪ ﻭﺘﻡ ﻋﻤل ﺍﻟﺨﻼﺼﺔ ﻭﺍﻟﺘﻭﺼﻴﺎﺕ  •
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Chapter 1 
INTRODUCTION 
1.1 Historical background: 
           High strength concrete is often considered a relatively new material; 
its development has been gradual over many years. As well development has 
continued, the definition of high-strength concrete has changed. In 1950, 
concrete with a compressive strength of 34 MPa was considered high 
strength. In 1960, concretes with (41 – 52) MPa compressive strengths were 
used commercially. In the early1970 compressive strength 62 MPa concrete 
was being produced. More recently, compressive strengths approaching 138 
MPa have been used in cast-in-place buildings. 
          
           For many years, concrete with compressive strength in excess of 
41MPa was available at only a few locations. However, in recent years, the 
applications of high-strength concrete have increased, and high-strength 
concrete has now been used in many parts of the world. 
                                                                            
           Since the definition of high-strength concrete has changed over the 
years, we needed to define an applicable range of concrete strengths for its 
activities.                     
           For many years, high-strength, high-performance concrete has been 
used in the columns of high-rise buildings. However, in recent years, there 
has been increased use of high-performance concrete (HPC) in bridges 
where both strength and durability are important considerations. 
                                                                             
           A few years ago more rapid development in the field of concrete 
industry has taken place in Sudan. Nowadays in the development of cement 
industry new factories were constructed in Sudan and other concrete 
materials such that ready mix concrete may be used in construction building. 
                                                                                 
  1.2 Fundamentals of Concrete for high strength concrete (HSC): 
            Concrete is generally, made from cement, aggregates, chemical 
admixture, mineral admixtures, and water. Chemical and mineral admixtures 
improve the quality  
of concrete. The performance of concrete depends on the quality of the 
ingredients,  
their proportions, placement, and exposure conditions. The produced 
concrete should meet the requirements of workability, strength, durability 
and economy.                        
           The methods and technology for producing HSC are not basically 
different from those required for concrete of normal grade except that 
quality control must be greater with HSC. 
                                                                     
1.2.1 Cement: 
       Cement is a chemically active constituent but its reactivity is only 
brought into effect on mixing with water. Cement is an important factor in 
concrete because it is used as a binding medium to bond particles of 
aggregate together to give the strength of concrete. 
           HSC can be produced with all of the cement and cement replacement 
normally now available in Sudan, including: 
                                 
? Portland cement 
? Sulfate resisting Portland cement and 
? Combination with pulveriesed fuel ash, ground granulated blast 
furnace and silica fume slag. 
          High early strength cements should be avoided because they may 
cause problems of internal cracks due to rise in hydration temperature. 
Increasing the cement content may not always produce higher strength; 
above certain levels it may have little effect. An optimum amount of total 
cementitious material usually appears to be between 450 and 550 kg/m3(1). 
                                                                                                                     
1.2.2  Aggregates: 
           Aggregates are generally divided into two groups: fine and course, 
classified as natural or artificial, both with respect to source and method of 
preparation. Natural sands and gravels are the product of weathering and the 
action of wind or water, while stone sands and crushed stone are produced 
by crushing natural stone. Grading refers to the distribution of particle sizes 
present in an aggregate. Coarse and fine aggregates are generally sieved 
separately. That portion of an aggregate passing the 4.75 mm (No. 4 sieve) 
and predominantly retained on the 75 µm (No. 200 sieve) is called fine 
aggregate or sand, and larger aggregate is called coarse aggregate. Coarse 
aggregate may be available in several different size groups, such as 19 to 
4.75 mm (3/4 in. to No. 4), or 37.5 to 19 mm (1-1/2 to 3/4 in.).  
An intermediate-sized aggregate, around 9.5 mm (3⁄8 in.), is sometimes 
added to improve the overall aggregate gradation. 
         HSC can be produced with crushed rock aggregates, of (10 to 20 mm) 
size which, are not too angular and not elongated, should preferably be used. 
This type of aggregate has been found in many zones around Khartoum: 
1. Khartoum North (Nile East) in : 
? Selitat (Alssufer) 
? Sabaloga 
2. Omdurman : 
? Jubal Toria 
? Fatasha 
            In these zones the researchers found two types of rocks that can used 
in concrete after crushing, Basalt and Granite. They found that the Basalt is 
stronger than the Granite. The best type of sand was found around Khartoum 
such as the sand around the banks of natural storm draining channels in 
Aljaily- Khartoum North. Fine sands should be avoided, particularly those 
with high absorption. Well graded sand and clean from clay particles and silt 
should preferably be used.                                                                                    
1.2.3 Admixture: 
          Admixture is a material other than water, aggregates and cement and 
added to the mixture before or during its mixing to modify its freshly mixed, 
setting, or hardened properties. These properties may be modified to 
increase compressive and flexural strength at all ages, decrease permeability 
and improve durability. 
         The reasons for the use of admixtures are outlined by the following 
functions that they perform: 
• Increase workability without increasing water content or decrease the water 
content at the same workability. 
• Retard or accelerate time of initial setting. 
• Reduce or prevent shrinkage or create slight expansion. 
• Modify the rate or capacity for bleeding. 
• Reduce segregation. 
• Improve pumpability. 
• Reduce rate of slump loss. 
• Retard or reduce heat evolution during early hardening. 
• Accelerate the rate of strength development at early ages. 
• Increase strength (compressive, tensile, or flexural). 
• Increase durability or resistance to severe conditions of exposure, including 
application of deicing salts and other chemicals. 
• Decrease permeability of concrete. 
• Control expansion caused by the reaction of alkalies with potentially 
reactive aggregate constituents. 
• Increase bond of concrete to steel reinforcement. 
• Increase bond between existing and new concrete. 
• Improve impact and abrasion resistance. 
• Inhibit corrosion of embedded metal. 
• Produce colored concrete or mortar. 
        The basic proportioning of an HSC mix follows the same method as for 
normal strength concrete, with the objective of producing a cohesive mix 
with minimum voids. This can be done by theoretical calculations or 
subjective laboratory trials. 
        The water/cement ratio can be in the range 0.30-0.35 or even lower. It 
is essential to ensure full compaction at these levels. The same production 
and quality control techniques for normal strength concrete should also be 
applied to HSC. The main activities for controlling quality on site are 
placing, compaction, curing and surface finishing. 
Site experience indicates that more compaction is normally needed for high 
strength concrete with high workability than for normal strength concrete of 
similar slump. As the loss in workability is more rapid, prompt finishing also 
becomes essential. 
1.3 Objective: 
         The objective of this thesis is to recommend ways and means to 
produce high strength concrete by using the local available materials with 
most optimum amount of cement. The produced concrete should meet the 
requirements of strength, workability and relatively low cost. 
                                                                                  
 
 
1.4 Methodology:  
1- Carry out the standard tests for materials (ordinary 
Portland cement, find and coarse aggregates) 
which are brought from the known sources in 
Khartoum state. 
2- Design concrete mixes for different w/c ratios (0.4, 
0.38, 0.35 and 0.30) with different dosages of 
chemical admixture (Superplasticizer) (1, 1.25and 
1.5litters/100kg cement) respectively to achieve 
high strength concrete with high workability.  
3- Using fly ash (mineral admixture) with (w/c=0.3) 
as a percentage replacement of cement.  The three 
percentages used were (20%, 25% and 30%). 
4- Making trials mixes for the designed mixtures 
above by using additives to obtain the required 
workability. 
5- Casting nine cubes, three cylinders and three 
beams for each mix containing superplasticizer and 
testing their compressive strength at the age 3, 7 
and 28 days, and testing their flexural and splitting 
strength (indirect tensile strength) at 28 days. 
6- Casting twelve cubes, three cylinders and three 
beams for each mix containing superplasticizer and 
fly ash and testing their compressive strength at the 
age 3, 7 ,28 and 56 days, and testing their flexural 
and splitting strength(indirect tensile strength) at 
28 days. 
7- Analyzing the results and recording out comes.   
8- Drawing relevant conclusion &recommendation.    
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Chapter TWO 
Literature Review  
2.1-INTRODUCTION:    
          In recent years more rapid developments in the field of concrete 
technology have taken place. Increasing construction challenges in 
combination with new innovations in materials and construction techniques 
have strengthened the position of concrete as a construction material. Having 
been an empirical technology, the concrete technology is now entering into 
high-technology profession, with a potential for utilization far beyond the 
traditional construction industry. An increasing interest for better scientific 
knowledge in concrete technology has correspondingly taken place. 
                 
             Although most concrete codes still have an upper grade limit of (65 
MPa) for structural utilization of concrete, (new codes have recently been 
introduced with an upper limit of (105MPa))1 . 
                                                                              
Based on current technology, however, it is now possible to produce high-
strength concrete with compressive strength far beyond what can be utilized 
by the current structural design practice. Thus, for high-quality natural 
mineral aggregate, compressive strengths of up to (230MPa) have been 
produced. If the mineral aggregate is replaced by high-quality ceramic 
aggregate, compressive strengths up to approximately (500MPa) can be 
achieved. Even with light weight aggregate, compressive strengths more 
than (100MPa), with a density of less than (1900kg/m3), can be obtained .(2) 
                                         
      Along with the rapid development of concrete technology, the definition 
of high-strength concrete has also been changing. Thus, in (1950) concrete 
with compressive strength of (35MPa) was considered high- strength.(2) 
                                                                          
        In (1960) concrete with compressive strength (40 to 50MPa) was used 
commercially. In the early (1970), (60MPa) concrete was being produced. 
Since the compressive strength depends on both type of specimen and 
density of concrete, concretes with a compressive strength of more than (50-
60MPa) are now normally considered high-strength .(2) 
                                                                                                  
2.2­HIGH­STRENGTH CONCRETE:  
            The definition of high strength changes over the years as concrete 
strength used in the field increases. For example, today about 90% of ready 
mixed concrete has a 28-day specified compressive strength ranging from 20 
MPa (3000 psi) to 40 MPa (6000 psi), with most of it between 28 MPa 
(4000 psi) and 35 MPa (5000 psi). Therefore, HSC considered here has a 
design strength of at least 70 MPa (10,000 psi). 
             Most high-strength concrete applications are designed for 
compressive strengths of 70 MPa (10,000 psi) or greater .For strengths of 70 
MPa (10,000 psi) and higher, stringent application of the best practices is 
required. Compliance with the guidelines and recommendations for 
preconstruction laboratory and field-testing procedures described in ACI 
363.2 are essential.(3) 
           Concrete with a design strength of 131 MPa has been used in 
buildings. Traditionally, the specified strength of concrete has been based on 
28-day test results. However, in high-rise concrete structures, the process of 
construction is such that the structural elements in lower floors are not fully 
loaded for periods of a year or more. For this reason, compressive strengths 
based on 56- or 91-day test results are commonly specified in order to 
achieve significant economy in material costs. When later ages are specified, 
supplementary cementing materials are usually incorporated into the 
concrete mixture. This produces additional benefits in the form of reduced 
heat generation during hydration. With use of low-slump or no-slump mixes, 
high compressive- strength concrete is produced routinely under careful 
control in precast and prestressed concrete plants. These stiff mixes are 
placed in ruggedly-built forms and consolidated by prolonged vibration or 
shock methods. However, cast-in-place concrete uses more fragile forms that 
do not permit the same compaction procedures, hence more workable 
concretes are necessary to achieve the required compaction and to avoid 
segregation and honeycomb. Superplasticizing admixtures are invariably 
added to HPC mixtures to produce workable and often flowable mixtures. 
Production of high-strength concrete may or may not require the purchase of 
special materials. The producer must know the factors affecting compressive 
strength and know how to vary those factors for best results. Each variable 
should be analyzed separately in developing a mix design. When an 
optimum or near optimum is established for each variable, it should be 
incorporated as the remaining variables are studied. An optimum mix design 
is then developed keeping in mind the economic advantages of using locally 
cement being considered for the project. Amounts will vary depending on 
target strengths. Other than decreases in sand content as cement content 
increases, the trial mixtures should be as nearly identical as possible to 
available materials. Many of the items discussed below also apply to most 
high-performance concretes.(3) 
2.3­ High Performance Concrete (HPC): 
           High performance concrete (HPC) is usually defined as a concrete 
with high strength and durability. High-performance concrete (HPC) 
exceeds the properties and constructability of normal concrete. Normal and 
special materials are used to make these specially designed concretes that 
must meet a combination of performance requirements. Special mixing, 
placing, and curing practices may be needed to produce and handle high-
performance concrete. Extensive performance tests are usually required to 
demonstrate compliance with specific project needs (ASCE 1993, Russell 
1999, and Bickley and Mitchell 2001)3. High-performance concrete has been 
primarily used in tunnels, bridges, and tall buildings for its strength, 
durability, and high modulus of elasticity. It has also been used in shotcrete 
repair, poles, parking garages, and agricultural applications. 
High-performance concrete characteristics are developed for particular 
applications and environments; some of the properties that may be required 
include: 
• High strength 
• High early strength 
• High modulus of elasticity 
• High abrasion resistance 
• High durability and long life in severe environments 
• Low permeability and diffusion 
• Resistance to chemical attack 
• High resistance to frost and deicer scaling damage 
• Toughness and impact resistance 
• Volume stability 
• Ease of placement 
• Compaction without segregation 
• Inhibition of bacterial and mold growth 
       High-performance concretes are made with carefully selected high-quality ingredients and optimized mixture designs; these 
are batched, mixed, placed, compacted and cured to the highest industry standards. Typically, such concretes will have a low 
water-cementing materials ratio of 0.20 to 0.45. Plasticizers are usually used to make these concretes fluid and workable. 
                                                                 
          High-performance concrete almost always has a higher strength than 
normal concrete. However, strength is not always the primary required 
property. For example, a normal strength concrete with very high durability 
and very low permeability is considered to have high-performance 
properties. 
(Bickley and Fung (2001)) (3) Demonstrated that 40 MPa (6,000 psi) high-performance concrete for bridges could be economically 
made while meeting durability factors for air-void system and resistance to chloride penetration.                                                 
2.3.1­HPC can be specified for a number of applications:  
1-The most common use of high-strength concrete is for construction of high-rise buildings. 
                                                          
2-To put concrete into service earlier, such as opening pavement to traffic in 3 days. 
3-To reduce the column size and increase usable space in high-rise buildings.  
4- To build the superstructures of long span bridges and the durability of bridge decks.  
5- To satisfy specific needs such as durability, modulus of elasticity, and flexural strength for special applications. These include 
parking garages, dams, grandstand roofs, etc.                                                                                                                                  
6- By carrying loads more efficiently than normal-strength concrete, high-strength concrete also reduces the total amount of 
material placed and lowers the overall cost of the structure.(3)                                                                                                                                                                                       
 
2.4­HIGH­EARLY­STRENGTH CONCRETE: 
 
             High-early-strength concrete, also called fast-track concrete, achieves its specified strength at an earlier age than normal 
concrete. The time period in which a specified strength should be achieved may range from a few hours (or even minutes) to several 
days. High-early strength can be attained by using traditional concrete ingredients and concreting practices, although sometimes special 
materials or techniques are needed .                        
             High-early-strength can be obtained by using one or a combination 
of the following, depending on the age at which the specified strength must 
be achieved and on job conditions: 
1. Type III or (HES) high-early-strength cement  
2. High cement content (400 to 600 kg/m3 or 675 to 1000 lb/yd3) 
3. Low water-cementing materials ratio (0.20 to 0.45 by mass) 
4. Higher freshly mixed concrete temperature 
5. Higher curing temperature 
6. Chemical admixtures 
7. Silica fume (or other supplementary cementing materials) 
8. Steam or autoclave curing 
9. Insulation to retain heat of hydration 
10. Special rapid hardening cements.  
        High-early-strength concrete is used for prestressed concrete to allow for early stressing; precast concrete for rapid production 
of elements; high-speed cast-in-place construction; rapid form reuse; cold-weather construction; rapid repair of pavements to reduce 
traffic downtime; fast-track paving; and several other uses.                                   
        When designing early-strength mixtures, strength development is not the only 
 Criteria  that should be evaluated; durability, early stiffening, autogenous shrinkage, 
 drying shrinkage, temperature rise, and other properties also should be evaluated  
for compatibility with the project. Special curing procedures, such as fogging, may 
be  
needed to control plastic shrinkage cracking.(3) 
2.5­ Selection of materials:  
2.5.1­Aggregate:   
        Since about three quarters of the concrete volume is occupied by 
aggregate, it is not surprising that the aggregate quality is of considerable 
importance to the concrete properties. For high-strength concrete, however, 
experience has shown that the quality of the aggregate is one of the main 
limiting factors both for obtaining good workability and high strength. 
                                                                                                      
      The key for mix design of high-strength concrete is a low 
(w/c) ratio. To obtain this with a relatively high content of 
cement and water-reducing admixtures, the water requirement 
of the aggregate component for a given consistency of the 
concrete mixture has to be as low as possible .This water 
requirement is primary governed by particle size distribution, 
particle shape and mineral composition of the fine aggregate.  
     By a combination of new cementitious materials and superplasticizers it 
is possible to produce such a strong cement paste that the aggregate and 
particularly coarse aggregate, become the weakest link in the chain under 
axial compression. Therefore, the strength of the aggregate also becomes 
important. (2)                                                                                                                          
     Although aggregate mineralogy and petrography predominantly 
determine the intrinsic strength of the aggregate , other factors such as 
blasting and crushing during processing also play important role .During this 
operations ,damage to microstructure (e.g. micro-cracking) of the aggregate 
may occur . This is probably the main reason why a smaller maximum size 
aggregate yields a stronger concrete for a given aggregate source. A 
maximum size of (10 to 14mm) is often preferred. 
     
      In the concrete composite, the aggregate-cement paste bond also plays an 
important role to the interaction between the two components. Thus, in 
addition to the mineralogy, the aggregate shape and smoothness also are 
important factors .For cement pastes with very low w/c ratios, the interfacial 
bond or the transition zone between the aggregate and the cement paste, is 
normally so strong that the elastic properties of the aggregate become more 
important for the performance of the concrete.                                          
     Manufacture of high-strength concrete involves making optimal use of 
the basic ingredients that constitute normal-strength concrete. In addition to 
selecting a high-quality Portland cement, optimize aggregates, and then 
optimize the combination of materials by varying the proportions of cement, 
water, aggregates, and admixtures.   
      When selecting aggregates for high-strength concrete, the strength of the 
aggregate, the optimum size of the aggregate, the bond between the cement 
paste and the aggregate, and the surface characteristics of the aggregate. Any 
of these properties could limit the ultimate strength of high-strength 
concrete. Generally, concrete with a cylinder compressive strength higher 
than 6000 psi (41.4 MPa) is designated as high strength concrete. High 
strengths are achieved using stronger coarse aggregates, relatively higher 
cement contents and lower water/cement ratios. In most, if not all recent 
applications, high range water reducing admixtures have been used to 
improve the workability at low water/cement ratios. The other two common 
admixtures used in high strength concrete are condensed silica fume and fly 
ash. With these admixtures strengths up to 20,000 psi (138 MPa) have been 
obtained.                                                                                        
        In high-strength concrete, careful attention must be given to aggregate 
size, shape, surface texture, mineralogy, and cleanness. For each source of 
aggregate and concrete strength level there is an optimum-size aggregate 
that will yield the most compressive strength per unit of cement. To find the 
optimum size, trial batches should be made with 19 mm (3⁄4 in.) and smaller 
coarse aggregates and varying cement contents. Many studies have found 
that (9.5 mm to 12.5 mm) (3⁄8 in. to 1⁄2 in.) nominal maximum-size 
aggregates give optimum strength. (2) 
       In high-strength concretes, the strength of the aggregate itself and the 
bond or adhesion between the paste and aggregate become important factors. 
Tests have shown that crushed-stone aggregates produce higher compressive 
strength in concrete than gravel aggregate using the same size aggregate and 
the same cementing materials content; this is probably due to a superior 
aggregate-to-paste bond when using rough, angular, crushed material. For 
specified concrete strengths of 70 MPa (10,000 psi) or higher, the potential 
of the aggregates to meet design requirements must be established prior to 
use. 
       Coarse aggregates used in high-strength concrete should be clean, that is, free from detrimental coatings of dust and clay. 
Removing dust is important since it may affect the quantity of fines and consequently the water demand of a concrete mix. Clay 
may affect the aggregate- paste bond. Washing of coarse aggregates may be necessary.                 
       Combining single sizes of aggregate to produce the required grading is 
recommended for close control and reduced variability in the concrete. 
The quantity of coarse aggregate in high-strength concrete should be the 
maximum consistent with required workability. Because of the high 
percentage of cementitious material in high-strength concrete, an increase in 
coarse-aggregate content beyond values recommended in standards for 
normal-strength mixtures is necessary and allowable. 
2.5.2­Cement and mineral admixtures:                
       Both the chemical and mineral composition as well as the particle size 
distribution of the cement are important factors to be considered in the 
selection of a cement for high-strength concrete. 
                                                             
       In addition to the strength development, the type of cement is also 
important for the water requirement and workability of the mix, for which it 
is primarily the C3A (Tricalcium aluminate (3CaO·Al2O3) C3A) content 
and the particle size distribution which are main controlling factors. The 
gypsum / hemi hydrate ratio and the compatibility with chemical admixtures 
are also important for the fresh concrete workability. 
                                                                             
         The mineral composition and the fineness of cement are factors that 
influence both early and final strength. Although C3S (Tricalcium silicate 
(alite) (3CaO·SiO2) C3S) contributes to a high early and high final strength, 
a high ratio of (Dicalcium silicate (belite) (2CaO·SiO2) C2S) C2S / C3S is 
normally considered to be beneficial for a high final strength. A reduced heat 
of hydration is also considered to be beneficial for high ultimate strength. 
Thus, if high-early strength is not needed, a cement with characteristics 
which contribute to low heat of hydration, such as less C3A and C3S in 
addition to low fineness and alkalis, will have the potential for high ultimate 
strength.                           
         When a Portland cement hydrates, large quantities of calcium 
hydroxide form, do not contribute to the strength development. On the 
contrary, the large crystals of calcium hydroxide only represent weaknesses 
both at the aggregate-cement paste interface as well as in the bulk phase. By 
introducing mineral admixtures such as fly ash or silica fume the calcium 
hydroxide is transformed during the pozzolanic reaction to the strength-
contributing constituents such as calcium silicate hydrates.                               
       Although fly ash also contributes to a reduced water requirement, silica 
fume is a much more efficient pozzolanic material. In addition silica fume 
represents a valuable range of very fine particles which fill out the voids in 
between the larger cement particles. Thus, for must binder combinations the 
use of silica fume is reported to provide the only way of producing concrete 
with a strength level exceeding   (80MPa) (2).   
2.5.3­ Chemical admixtures: 
        Chemical admixtures are the ingredients in concrete other than Portland 
cement, water, and aggregate those are added to the mix immediately before 
or during mixing. Producers use admixtures primarily to reduce the cost of 
concrete construction; to modify the properties of hardened concrete; to 
ensure the quality of concrete during mixing, transporting, placing, and 
curing; and to overcome certain emergencies during concrete operations. 
                                                                                                  
       It would be difficult to produce high-strength concrete mixtures without 
using chemical admixtures. A common practice is to use a superplasticizer 
in combination with a water-reducing retarder. The superplasticizer gives the 
concrete adequate workability at low water-cement ratios, leading to 
concrete with greater strength. The water-reducing retarder slows the 
hydration of the cement and allows workers more time to place the concrete. 
The effectiveness of an admixture depends on several factors including: type 
and amount of cement, water content, mixing time, slump, and temperatures 
of the concrete and air. Sometimes, effects similar to those achieved through 
the addition of admixtures can be achieved by altering the concrete mixture-
reducing the water-cement ratio, adding additional cement, using a different 
type of cement, or changing the aggregate and aggregate gradation. 
                                                                        
       In order to sufficiently reduce the water content of the mix and still 
maintain an acceptable workability, high-range water-reducing agents 
(superplasticizers) have to be used. In addition set-retarding agents and air-
entraining admixtures may also be needed. 
      Superplasticizers are organic products or combinations of organic and 
non-organic components. They are surface active admixtures, consisting 
mostly of sulfonated salts of melamine or naphthalene formaldehyde 
condensates. Some formulations may contain set-retarding, set-accelerating 
or defoaming chemicals. An accelerated superplasticizers may be used to 
compensate for retarding actions of active ingredients present in some 
superplasticizers such as modified lignosulfonates. A modified retarding 
superplasticizer can be useful in low-slump concrete where the fluidity loss 
is sharp.                                
       Pozzolans, such as fly ash and silica fume, are the most commonly used 
mineral admixtures in high-strength concrete. These materials create 
additional strength by reacting with Portland cement hydration products to 
create additional calcium silicate hydrate (C-S-H) gel, the part of the paste 
responsible for concrete strength. (2)   
       Superplasticizers are surface active agents and have water-reducing 
character. These are also known as high-range water reducers, fluidifiers, 
plasticizers etc.This implies that it is possible to produce a concrete with 
lower water-cement ratio with their addition. High performance concrete 
(HPC) and high strength concrete (HSC) are generally made with high 
cementitiuos materials. It causes difficulty in obtaining good workability and 
in homogeneous dispersion of the cementitiuos materials. This problem can 
be over combed by adding more water, but this decreases the strength. This 
creates the necessity of using water-reducing admixture. High cementitiuos 
materials and low water-to-binder ratio may create other problems such as 
early age cracking , it occurs due to loss of workability and very quick 
drying at the open surface caused by the dual effects of lack of bleeding , 
and bleed the lack of bleed water to move up to surface . High heat of 
hydration is another major factor causing thermal cracking with high cement 
concrete. It is reported that the slag reduces the temperature rise during 
hydration, but does not give early high strength to the concrete. However, a 
combination of high range water reducer and fine ground slag which 
significantly improves the strength development can be a possible solution.(4) 
  2.6­Mineral admixtures for high strength concrete:  
   With today's requirements for high strength concrete (HSC), mix 
proportions containing cementitious materials in addition to Portland cement 
are used more commonly. According to a survey by the Portland Cement 
Association published in 2000, at least 60 percent of ready mixed concrete 
contains other cementitious materials, often referred to as mineral 
admixtures or supplementary cementitious materials. The benefits of using 
these materials, either separately or in various combinations, include higher 
early strength, higher later age strength, reduced permeability, control of 
alkali-aggregate reactivity, lower heat of hydration, and reduced costs. 
Mineral admixtures may be used in addition to the normal amount of 
Portland cement or as a substitute for a portion of the cement depending on 
the required or specified properties of the concrete. (2) 
2.6.1­Supplementary Cementing Materials: 
       Fly ash, silica fume, or slag are often mandatory in the production 
of high-strength concrete; the strength gain obtained with these 
supplementary cementing materials cannot be attained by using additional 
cement alone. These supplementary cementing materials are usually added 
at dosage rates of 5% to 20% or higher by mass of cementing material. Some 
specifications only permit use of up to 10% silica fume; unless evidence is 
available indicating that concrete produced with a larger dosage rate will 
have satisfactory strength, durability, and volume stability. The water-to-
cementing materials ratio should be adjusted so that equal workability 
becomes the basis of comparison between trial mixtures. For each set of 
materials, there will be an optimum cement-plus-supplementary cementing 
materials content at which strength does not continue to increase with 
greater amounts and the mixture becomes too sticky to handle properly. 
Blended cements containing fly ash, silica fume, slag can be used to make 
high-strength concrete with or without the addition of supplementary 
cementing materials. (5) 
2.6.2­Fly ash: 
     Fly ash is the fine material that results from the combustion of pulverized 
coal in a coal-fired power plant. Fly ashes are classified in ASTM C 618 
(AASHTO M 295) as either Class F or Class C. Class F fly ash has 
pozzolanic properties. Class C fly ash has pozzolanic and cementitious 
properties. Fly ash is used in about 50 percent of ready mixed concrete. The 
Class C fly ash content of concrete generally ranges from 15 to 40 percent of 
the total cementitious materials, and Class F fly ash content ranges from 15 
to 25 percent. 
      Fly ash is frequently used in mass concrete as a cement replacement to 
reduce the heat of hydration, which in turn reduces peak temperatures, 
temperature gradients, and the likelihood of thermal cracking. Generally, 
mass concrete only requires a low compressive strength, so development of 
strength is not a controlling factor in selecting mix proportions. Fly ash 
reduces permeability and chloride diffusivity and increases resistivity, 
making it a beneficial material in concrete that is exposed to chlorides such 
as bridge decks. Fly ash also binds up the alkalis in the concrete and, 
thereby, reduces the potential for alkali aggregate reactivity. The addition of 
fly ash to concrete enhances the strength gain at later ages, making it 
beneficial when high-strength concrete is specified at ages of 56 or 90 
days.(5)                                                                                                                                                              
2.6.3­Silica fume: 
          Silica fume, also known as condensed silica fume and micro silica, is a 
very fine pozzolanic material produced as a by-product in the production of 
silicon or Ferro-silicon alloys. The silica fume content of concrete generally 
ranges from 5 to 10 percent of the total cementitious materials content. The 
use of silica fume can be specified using ASTM C 1240 (AASHTO M 307). 
       For most applications where durability is a concern, the use of silica 
fume will reduce the permeability of the concrete, thereby slowing the rate 
of penetration of aggressive chemicals such as deicing salts. The use of silica 
fume can result in rapid chloride permeability values of less than 500 when 
tested in accordance with ASTM C 1202 (AASHTO T 277). 
The use of silica fume improves the early age strength development of 
concrete and is particularly beneficial in achieving high release strengths in 
precast, prestressed concrete beams. Use of silica fume often allows a 
reduction in the total amount of cementitious materials. At later ages, 
concretes made with silica fume can achieve compressive strengths in excess 
of 17,000 psi (117 MPa).(5) 
2.6.4­Ground granulated blast­furnace slag: 
         Ground granulated blast-furnace slag (GGBFS), also called slag 
cement, is made by rapidly quenching molten blast-furnace slag and 
grinding the resulting material into a fine powder. GGBFS is classified by 
ASTM C 989 (AASHTO M 302) according to its level of reactivity. 
Depending on the desired properties, the amount of GGBFS can be as high 
as 80 percent of the total cementitious materials content. 
        The use of GGBFS lowers concrete permeability, thereby reducing the 
rate of chloride ion diffusion. For alkali-silica reaction, GGBFS consumes 
some of the alkalis produced from the Portland cement leaving them 
unavailable for reaction with the aggregates. Proper proportioning of slag 
cement can eliminate the need to use low alkali or sulfate-resistant Portland 
cements.  
         In mass concrete applications, dosage rates of 50 to 80 percent of the 
total cementitious materials reduce the heat of hydration and the likelihood 
of thermal cracking. GGBFS can also be used to enhance the strength gain at 
later ages. Concrete strength is usually optimized when GGBFS replaces 40 
to 50 percent of the Portland cement.(5) 
2.6.5­Combinations: 
           Each of the three mineral admixtures described above can be used 
individually in combination with Portland cement to achieve the desired 
characteristics of the hardened concrete. The mineral admixtures can also be 
used in combination with each other and Portland cement to achieve the 
desired results. Since admixtures — both mineral and chemical —affect the 
properties of both the fresh and hardened concrete, they should always be 
tested in trial mixes. This will ensure that the desired characteristics are 
achieved and that no undesirable properties are present.(2) 
2.7­Alkali­Silica Reaction and High Performance Concrete:  
        Damage due to alkali-silica reaction (ASR) in concrete is a 
phenomenon that was first recognized in 1940 by Stanton in North America 
and has since been observed in many other countries. Many studies were 
published since Stanton’s first paper, but the mechanisms of ASR are not yet 
clearly understood. Nevertheless, the major factors have been identified, 
e.g., alkalies in the pore solution and reactive silica, present in certain 
aggregates and the presence of water. Other factors can play a significant 
role, such as environmental relative humidity (RH), porosity of the concrete 
and presence of mineral admixtures. 
      Few studies have been reported on the relationship between the material 
design of high performance concrete (HPC) and ASR. It has been reported 
that the low porosity and the presence of mineral admixtures in most HPC, 
will protect HPC from deterioration due to the ASR by the lack of water and 
by the beneficial influence of mineral admixtures. Unfortunately, lack of 
long term field experience on the behavior of HPC because of the young age 
of most HPC structures, the limited number of structures and the long time 
taken for the effect to manifest itself. Furthermore, lack of knowledge on the 
correct method to test the durability of HPC containing aggregates possibly 
susceptible to ASR. (4) 
2.7.1­ASR Mechanisms: 
       Most researchers agree that the main reaction of ASR is the reaction 
between certain forms of silica present in the aggregates and the hydroxide 
ions (OH) in the pore water of a concrete. Very early in the hydration of 
cement calcium ions are incorporated in the hydration products but 
potassium and sodium stay in solution and eventually they are partially 
incorporated into calcium silicate hydrate (C-S-H) and monosulfate. 
Hydroxide ions from the hydration of Portland cement result in a pore 
solution having a pH of at least 12.5. Soluble alkalies raise the pH to about 
13 or higher. Also, the amount of alkalis present in the pore water is related 
to the amount of soluble alkalis present in the cement. The hydroxide ions 
will attack a silica surface. If the silica is well crystallized the vulnerable 
sites are only at the exterior surface of the aggregate, but in the case of 
poorly crystallized silica, there are many vulnerable sites in the aggregate 
structure, leading to disintegration of the silicate network. To keep a neutral 
charge balance, the cations Na+ and K+ diffuse toward the hydroxide ions to 
react with them and the resulting product is a gel-like material. According to 
Powers and Steinour the migration of cations of Na+ and K+ is slow, 
therefore the migration of Ca2+takes place. If the gel is high in calcium, 
then the gel is not expansive when exposed to water and, therefore, may not 
induce cracking in concrete. This theory rests on the assumption that 
calcium could be available. Diamond found that there is very little calcium 
in the pore solution(4). This is expected since the high pH causes the 
volubility of Ca (OH)2 to be depressed. Nevertheless, calcium could be 
dissolved from the solid phase of cement paste to produce a gel. Most 
researchers do not mention the distinction between “safe” and “swelling” gel 
but there are acknowledgments that there are more than one composition of 
gel produced by ASR. 
         The deterioration of the concrete structure is due to the water 
absorption by the gel and its expansion. Researchers were reported that the 
RH must be higher than 80% for the gel to swell although it can be formed 
at a lower relative humidities. As the tensile strength of the system is 
exceeded, cracks will form and propagate. As there is not a preferential 
direction for cracks to propagate and also the sites of crack initiation are 
randomly distributed in the specimen. The sites of the cracks are determined 
by the location of the reacting silica on the aggregates and the availability of 
OH in the vicinity. (4) 
   2.7.2­Influence of exposure conditions: 
           As stated earlier, two types of exposure were used, ASTM C 1260(9) 
and room temperature over water. Researchers observed that the expansion 
for the sample exposed to 100°/0RH is about half that for the samples in 
NaOH, as was expected. What is more surprising is that the lowest w/c ratio 
gave the highest expansions. It should be remembered, of course, that 
reactive aggregates and high alkali cement were used. From these data, it 
might be expected that HPC would be susceptible to ASR if alkali-
susceptible aggregates were used. (4) 
2.8 Concrete properties: 
2.8.1­Modulus of elasticity: 
       In high-rise buildings and in bridges, the stiffness of the structure is of 
interest to structural designers. On certain projects a minimum static 
modulus of elasticity has been specified as a means of increasing the 
stiffness of a structure. The modulus of elasticity is not necessarily 
proportional to the compressive strength of a concrete. There are code 
formulas for normal-strength concrete and suggested formulas for high-
strength concrete. 
      The modulus achievable is affected significantly by the properties of the 
aggregate and also by the mixture proportions (6). If an aggregate has the 
ability to produce a high modulus, then the optimum modulus in concrete 
can be obtained by using as much of this aggregate as practical, while still 
meeting workability and cohesiveness requirements. If the coarse aggregate 
being used is a crushed rock, and manufactured fine aggregate of good 
quality is available from the same source, then a combination of the two can 
be used to obtain the highest possible modulus.(6) 
      Due to the high amount of cementitious material in high-strength 
concrete, the role of the fine aggregate (sand) in providing workability and 
good finishing characteristics is not as crucial as in conventional strength 
mixes. Sand with a fineness modulus (FM) of about 3.0— considered a 
coarse sand—has been found to be satisfactory for producing good 
workability and high compressive strength. For specified strengths of 70 
MPa (10,000 psi) or greater, FM should be between 2.8 and 3.2 and not vary 
by more than 0.10 from the FM selected for the duration of the project. Finer 
sand, say with a FM of between 2.5 and 2.7, may produce lower-strength, 
sticky mixtures. (6) 
2.8.2­Modulus of rupture:  
         The values reported by various investigators (6) for the modulus of 
rupture of both lightweight and normal weight high-strength concretes fall in 
the range of 7.5√fc to 12√fc where both the modulus of rupture and the 
compressive strength are expressed in psi. The following equation was 
recommended (6) for the prediction of the tensile strength of normal weight 
concrete, as measured by the modulus of rupture fr,’ from the compressive 
strength. 
fr = 11.7 √fc psi 
For 3000 psi < fc< 12,000 psi 
fr = 0.94 √fc MPa 
For 21 MPa < fc< 83 MPa) 
2.8.3­Tensile splitting strength: 
         Dewar (14) studied the relationship between the indirect tensile strength 
(cylinder splitting strength) and the compressive strength of concretes 
having compressive strengths of up to 12,105 psi (83.79 MPa) at 28 days. 
He concluded that at low strengths, the indirect tensile strength may be as 
high as 10 percent of the compressive strength but at higher strengths it may 
reduce to 5 percent. He observed that the tensile splitting strength was about 
8 percent higher for crushed-rock-aggregate concrete than for gravel-
aggregate concrete- In addition, he found that the indirect tensile strength 
was about 70 percent of the flexural strength at 28 days (6). The following 
equation for the prediction of the tensile splitting strength fSP,’ of normal 
weight concrete was recommended (6) 
fSP = 7.4 √fc psi 
For 3000 psi < fc< 12,000 psi 
fSP = 0.59 √fc MPa 
For 21 MPa < fc < 83 MPa) 
2.8.4­Fatigue strength: 
          The available data on the fatigue behavior of high strength concrete is very limited. Bennett and Muir. (15) studied the 
fatigue strength in axial compression of high strength concrete with a 4-in. (102-mm) cube compressive strength of up to 11,155 
psi (76.9 MPa) and found that after one million cycles, the strength of specimens subjected to repeated load varied between 66 and 
71 percent of the static strength for a minimum stress level of 1250 psi (8.6 MPa) (6). The lower values were found for the higher-
strength concretes and for concrete made with the smaller-size coarse aggregate, but the actual magnitude of the difference was 
small. To the extent that is known, the fatigue strength of high-strength concrete is the same as that for concretes of lower 
strengths.(6)                      
2.8.5­Unit Weight: 
           The measured values of the unit weight of high strength concrete are 
slightly higher than lower-strength concrete made with the same materials.(6) 
2.8.6­Thermal properties: 
             The thermal properties of high-strength concretes fall within the 
approximate range for lower-strength concretes.(6) Quantities that have been 
measured are specific heat, diffusivity, thermal conductivity, and coefficient 
of thermal expansion. 
 
2.8.7­Heat evolution due to hydration: 
           The temperature rise within concrete due to hydration depends on the 
cement content, water-cement ratio, size of the member, ambient temperature, 
environment, etc. Freedman has concluded from data of Saucier et al (16). That 
the heat rises of high-strength concretes will be approximately 11° to 15° F/l00 
lb of cement/yd3 (6° to 8° C per 59 kg/m3 of cement). Values for temperature 
rise of the order of 100° F (56° C) in high-strength concrete members 
containing 846 lb of cement/yd 3 (502 kg/m3) were measured in a building in 
Chicago .(6) 
2.8.8­Strength gain with age: 
          High-strength concrete shows a higher rate of strength gain at early ages 
as compared to lower-strength concrete but at later ages the difference is not 
significant (see Fig. 2.1). Parrott (17) reported typical ratios of 7-day to 28-
day strengths of 0.8 to 0.9 for high strength and 0.7 to 0.75 for lower-
strength concrete, while (Carrasquillo, Nilson, and Slate) (18) found typical 
ratios of 7-day to 95-day strength of 0.60 for low-strength, 0.65 for medium-
strength, and 0.73 for high-strength concrete. It seems likely that the higher 
rate of strength development of high-strength concrete at early ages is 
caused by: 
1- an increase in the internal curing temperature in the concrete cylinders 
due to a higher heat of hydration and 
2- Shorter distance between hydrated particles in high-strength concrete 
due to low water-cement ratio (6). 
2.8.9­Shrinkage: 
          Little information is available on the shrinkage behavior of high-
strength concrete. A relatively high initial rate of shrinkage has been 
reported, (6) but after drying for 180 days there is little difference between 
the shrinkage of high-strength and lower-strength concrete made with 
dolomite or limestone. Reducing the curing period from 28 to 7 days caused 
a slight increase in the shrinkage.(6) Shrinkage was unaffected by changes in 
water-cement ratio(6)but is approximately proportional to the percentage of 
water by volume in the concrete. Other laboratory studies and field studies (6) 
have shown that shrinkage of high-strength concrete is similar to that of 
lower-strength concrete. (Nagataki and Yonekuras) (19) reported that the 
shrinkage of high strength concrete containing high-range water reducers 
was less than for lower-strength concrete (6). 
2.8.10­Creep: 
 
           Parrott (17) reported that the total strain observed in sealed high-
strength concrete under a sustained loading of 30 percent of the ultimate 
strength was the same as that of lower-strength concrete when expressed as a 
ratio of the short-term strain (6). Under drying conditions, this ratio was 25 
percent lower than that of lower-strength concrete. The total long-term 
strains of drying and sealed high-strength concrete were 15 and 65 percent 
higher, respectively, than for a corresponding lower-strength concrete at a 
similar relative stress level. Found that little difference between the creep of 
high-strength concrete under drying and sealed conditions (6). The creep of 
high-strength concrete made with high-range water reducers is reported (6) to 
be decreased significantly. The maximum specific creep was less for high-
strength concrete than for lower-strength concrete loaded at the same age. (6) 
An example is shown in (Fig. 2.2). However, high-strength concretes are 
subjected to higher stresses. Therefore, the total creep will be about the same 
for any strength concrete. No problems due to creep were found (6) in 
columns cast with high-strength concrete. As is found with lower-strength 
concrete, creep decreases as the age at loading increases, specific creep 
increases with increased water-cement ratio, and there is a linear relationship 
with the applied stress. This linearity extends to a higher stress-strain ratio 
than for lower-strength concrete. (6)  
 
 
  
 
Fig. 2.1- Normalized strength gain with age for moist-cured limestone concretes 6   
 
 
          
 
Fig. 2.2- Relationship between creep coefficient and time for sealed and 
unsealed concrete specimens 6 
 
2.9 Quality Assurance and Quality Control : 
 
       Quality assurance (QA) : is actions taken by the Qualified Person to 
provide assurance that what is being done and what is being provided are in 
accordance with the applicable standards of good practice for the work. 
      Quality control (QC) : is actions taken by a producer or contractor to 
provide control over what is being done and what is being provided so that 
the applicable standards of good practice for the work are followed. (7) 
Comprehensive and timely QA/QC permit confidences in the use of 
advanced design procedures, frequently expedite construction, and improve 
quality in the finished product. Conversely, the results of poor QA/QC can 
be costly for all parties involved. 
1- QA/QC personnel must be experienced in their respective duties, 
including the batching, placing, curing, and testing of high-strength 
concrete. 
2-  QA/QC personnel should be able to provide evidence of such 
training or experience, or both. (7) 
3- QA/QC personnel should concentrate their efforts at the concrete 
plant to ensure consistently acceptable batching is achieved. For 
example, QA/QC personnel should ensure that the facilities, 
moisture meters, scales, and mixers (central or truck, or both) meet 
the project specification requirements and that materials and 
procedures are as established in the planning stages. 
4-  QA/QC personnel should be aware of the importance of batching 
high-strength concrete, such as using proper sequencing of 
ingredients, especially when pozzolans or ground slag are used. 
Scales, flow meters, and dispensers should be checked monthly for 
accuracy, and should be calibrated every six months. Moisture 
meters should be checked daily. These checks and calibrations 
should be documented. Plants that produce high-strength concrete 
should have printed records for all materials batched. Entries 
showing deviations from accepted mix proportions are provided 
with some plant systems. (7) 
         The QC or QA inspector should be present at the batching console 
during batching and should verify that the accepted types and amounts of 
materials are batched. Batch weights should fall within the allowable 
tolerances set forth by project specifications. Moisture content tests should 
be repeated after rain and the other tests should be repeated after deliveries 
of new batches of materials. (7) 
        High-strength concrete may rely on a combination of chemical and 
mineral admixtures to enhance strength development. Certain combinations 
of admixtures and Portland cements exhibit different strength development 
curves.Therefore, it is important for QA/QC personnel to watch for 
deviations in the type or brands of mix ingredients from those submitted and 
accepted. Substitutions should not be allowed without the prior 
understanding of all parties. Reference samples of cementitious materials 
should be taken at least once per day or per shipment in case tests are needed 
later to investigate low strengths or other deficiencies. Sources of additional 
mix water such as “wash water” or any “left-over” concrete remaining in the 
truck drum prior to batching should be identified. These should be emptied 
from the truck prior to batching. (7) 
The QA/QC personnel should recognize that prolonged mixing will cause 
slump loss and result in lower workability. Adequate job control must be 
established to prevent delays. When practical, withholding some of the high-
range water-reducing admixture until the truck arrives at the job site or site-
addition of high-range water-reducing admixtures may be desirable. Newer 
high-range water-reducing admixtures with extended slump retention 
characteristics may preclude the need for job-site additions of admixture to 
recover slump. 
Truck mixers should rotate at proper agitation speed while waiting for 
discharge at the site. Failure to do so may lead to severe slump loss. When 
materials are added at the site, proper mixing is required to avoid non-
uniformity and segregation. (7) 
QA/QC personnel should pay close attention to site mixing and should 
verify that the mix is uniform. (7) 
The concrete truck driver should provide a delivery ticket and every ticket 
should be reviewed by the inspector prior to discharge of concrete. 
Chemical admixtures can be used to increase workability time. High-range water-reducing admixtures often are used to increase 
the fluidity of concrete for a definite time period. QA/ QC personnel should be aware of that time frame and should know whether 
redosing with additional admixture is permitted. If the batch is redosed, the amount of admixture added to the truck should be 
recorded. Addition of water at the job site should be permitted only if this was agreed upon at the preconstruction meeting and 
provided that the maximum specified water-cementitious materials ratio is not exceeded. QA/QC personnel should verify that 
forms, reinforcing steel, and embedded items are ready and that the placing equipment and vibration equipment (including standby 
equipment) are in working order prior to the contractor placing concrete. All concrete should be compacted quickly and 
thoroughly. (7)                                                                                                                                                           
        The potential strength and durability of high-strength concrete will be 
fully developed only if it is properly cured for an adequate period prior to 
being placed in service or being subjected to construction loading. 
Therefore, appropriate curing methods for various structural elements should 
be selected in advance. QA/QC personnel should verify that the accepted 
methods are properly employed in the work.  
High-strength concretes usually do not exhibit much bleeding, and without 
protection from loss of surface moisture, plastic shrinkage cracks have a 
tendency to form on exposed surfaces. Curing should begin immediately 
after finishing, and in some cases other protective measures should be used 
during the finishing process. Curing methods include fog misting, applying 
an evaporation retarder, covering with polyethylene sheeting, or applying a 
curing compound. 
The inspector should monitor and record ambient temperatures and 
temperatures at the surface and center of large concrete components so that 
the design/construction team can effectively make any adjustments, such as 
changes in mix proportions or the use of insulating forms, during the course 
of the project. Concrete delivered at temperatures exceeding specification 
limits should be rejected, unless alternative procedures have been agreed 
upon at the preconstruction meeting. The inspector should ensure that curing 
procedures are according to project specifications, particularly those at early 
ages to control the formation of plastic shrinkage cracks (7).  
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Chapter three 
Concrete Mix Design & Experimental Work 
3­1 Concrete mix design  
         Concrete mix design can be defined as the procedure by which , for 
any given set of concrete , the proportion of the constituent materials are 
chosen so as to produce a concrete with all the required properties for the 
minimum cost. 
3.2 Required concrete properties:­ 
      The basic requirements for concrete are conveniently considered at 
two stages in its life. In its hardened state (in the completed structure) 
the concrete should have adequate durability, the required strength 
and also the desired surface finish. 
      In its plastic state, or the stage during which it is to be handled and 
compacted in its final form, it should be sufficiently workable for the 
required properties in its hardened state to be achieved with the facilities 
available on site. 
This means that:- 
1- The concrete should be sufficiently fluid to be able to flow into 
and fill all parts of the form work, into which it is placed. 
2- It should do so without any segregation or separation, of the 
constituent materials while being handled from the mixer or 
during placing. 
3- It must be possible to fully compact concrete when placed in 
position. 
4- It must be possible to obtain the required surface finish. 
If concrete does not have the required workability in its plastic state, it 
will not be possible to produce concrete with the required properties in its 
hardened state. 
3.2.1 Durability:­ 
         Adequate durability of exposed concrete can frequently be obtained 
by ensuring full compaction, an adequate cement content and a low water 
– cement ratio, all of which contribute to producing a dense, 
impermeable concrete. 
          The choice of aggregate is an important factor affected density 
particularly for concrete wearing surface and where improved fire 
resistance is required. 
Aggregate having high shrinkage properties should be used with caution 
in exposed concrete. 
Durability is not a readily measured property of the hardened concrete. 
However, for a correctly designed concrete mix any increase in the water 
– cement ratio on site, the associated reduction in durability will be 
accompanied by a reduction in concrete strength. The latter can be 
determined quite easily using control specimens and for this reason the 
emphasis in control testing is on the determination of concrete strength. 
3.2.2 Strength:­ 
          The strength of the concrete is frequently an important design 
consideration particularly in structural applications where the load 
carrying capacity of a structural member may be closely related to the 
concrete strength. This will usually be the compressive strength although 
occasionally the flexural or indirect tensile strength may be more 
relevant. The strength requirement is generally specified in terms of a 
characteristic strength coupled with a requirement that the probability of 
the strength falling below it shall not exceed a certain value. 
        An understanding of the factors affecting concrete strength on site, 
and of the probable variations in strength, is essential if such 
specifications are to have any real meaning at the mix design stage. 
      Difference in strength can also occur owing to variation in the quality 
of cement but the principal factor affecting the strength is the water 
cement ratio in the concrete mix. 
   Once a suitable mix has been obtained the workability can be assessed quite 
satisfactorily by an experienced mixer operator, with periodic control tests of the 
workability. However, human error will inevitably result in some variation in the 
water – cement ratio either side of the desired value. 
       Any variation in mix proportion or significant changes in the 
aggregate grading will affect the quantity of water needed to maintain the 
required workability and this too will result in variation in the water – 
cement ratio and hence in concrete strength. 
3.2 .3 Compressive strength: 
                    The compressive strength of concrete is taken as the maximum 
compressive load it can carry per unit area.  
Concrete strength of up to 80Nmm-2 can be achieved by selective use of the 
type of cement, mix proportion, w/c ratio, method of compaction and curing 
conditions.  
Concrete structures, except for road pavement, are normally designed on the 
basis that they are reinforced by steel reinforcement.  
In the United Kingdom a 150 mm cube is commonly used for determining 
the compressive strength. The test specimen should be cured in water and 
crushed immediately after it has been removed from the curing tank. (8) 
3.2 .4 Tensile strength:  
                   Concrete has low tensile strength. The tensile strength of 
concrete is usually taken to be about one-tenth of its compressive strength. 
In the design of reinforced concrete members it is assumed that tensile 
stresses are taken up by reinforcement and not by concrete. Tension is 
however of great importance in regard to cracking used by chemical activity, 
drying shrinkage and 1owering of temperature.  
          The tensile strength of concrete can be calculated indirectly by loading 
a concrete cylinder to compressive force along the length of cylinder, the 
cylinder splits vertically into two halves, this test is known as split test. (8) 
 Tensile strength of concrete is given by the formula:  
DL
P
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*2f ct π=  
Where:  fct  =  tensile strength in N/mm2  
  P  =  load (maximum applied load) 
  L  = length of cylinder in mm  
  D  =  diameter of cylinder in mm  
 
3.2 .5 Flexural strength:  
                    When concrete is subjected to bending, tensile and compressive 
stresses are developed. The most common plain concrete structure subjected 
to flexure, is highway pavement.  
The strength of concrete for pavement is evaluated by means of bending 
tests on beam specimens. Flexural strength is expressed in terms of modulus 
of rupture which is the maximum tensile (or compressive) stress at rupture. 
(8) 
It's computed from the formula:  
I
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         In this test a simply supported plain concrete beam, is subjected to  two 
third point loading and, the resulting bending moment induces compressive 
and tensile stresses in the top and bottom of the beam respectively. (8) 
The beam fails in tension and the flexural strength for it is defined by:  
2
*
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Where  P  = a maximum applied load  
  L =  distance between the support  
  b =  breadth of beam  
  d  =  depth of beam  
 
` 
The stress determined in this manner is not very accurate because in 
using the flexure formula assuming that the concrete is perfectly elastic, 
with stresses varying in direct proportion to distances from the neutral 
axis. These assumptions are not very good. 
       Based on hundreds of tests, the Code (Section 9.5.2.3) provides 
modifications of fcr equal to 7.5√fc where fc is in psi. In SI units 
fcr=0.7√fc (13). 
3.2.6 Workability:­ 
       Although the hardened concrete has to be satisfactory, the handling 
and placing of fresh concrete is equally important. The workability 
depends on size of the section to be concreted, the quantity and spacing 
of reinforcement and compaction method to be adopted. The situation at 
hand should be properly assessed to arrive at the desired workability. The 
aim should be to have the minimum possible workability consistent with 
satisfactory placing and compaction of concrete. It should be 
remembered that insufficient workability results in incomplete 
compaction and may severely affect the strength, durability and surface 
finish of concrete. It may thus prove to be uneconomical in the long run. 
3.2.7 Water – cement ratio:­ 
          Water cement ratio gives the compressive strength of concrete at a 
given age. The lower the water – cement ratio, the greater is the 
compressive strength and vice versa.  
3.2.8 Fly Ash:­ 
          Fly ash from powdered coal combustion can be a pozzolanic 
material, this means that the particles react with water and with lime to 
form cementitious products. This property is one of the reasons why fly 
ash is used on a large scale in blended cements. It is well known that the 
reaction of fly ash in concrete is only initiated after one or more weeks. 
In this period the fly ash behaves as an inert material serving as a 
precipitation, nucleus for Ca (OH)2 and GSH –gel originating from the 
cement hydration. After the initiation of pozzolanic reaction of the fly ash 
the cement paste will become increasingly denser. (5)  
3.2.9 MIXES PROPORTIONS:­ 
M1&M2: Reference mix with superplasticizer 1litter/100kg cement  
1)-Characteristic compressive strength:  60 N/mm2 at 28 days. 
Cement type: Ordinary Portland cement. 
Coarse aggregate type: crushed.  
Fine aggregate type: uncrushed. 
Workability: high (60 – 180 mm) 
Water / cement ratio = 0. 4. 
Max aggregate size = 20 mm. 
Concrete density = 2480 kg /m3. 
Total aggregate content = 1885 kg /m3. 
Quantities per m3  
Cement (kg) Water (kg) Fine aggregate (kg) 
Coarse aggregate 
(kg) 
20mm           10mm
425 170 530 1015           340 
M3: mix with superplasticizer 1litter/1.25kg cement  
2)-Characteristic compressive strength:  60 N/mm2 at 28 days. 
Cement type: Ordinary Portland cement. 
Coarse aggregate type: crushed.  
Fine aggregate type: uncrushed. 
Workability: high (60 – 180 mm) 
Water / cement ratio = 0. 38. 
Max aggregate size = 20 mm. 
Concrete density = 2505 kg /m3. 
Total aggregate content = 1885 kg /m3. 
Quantities per m3  
Cement (kg) Water (kg) Fine aggregate (kg) 
Coarse aggregate 
(kg) 
20 mm          10mm
425 150 695 925           310 
 
M4: mix with superplasticizer 1litter/1.5kg cement 
1)-Characteristic compressive strength:  63.7 N/mm2 at 28 days. 
Cement type: Ordinary Portland cement. 
Coarse aggregate type: crushed.  
Fine aggregate type: uncrushed. 
Workability: high (60 – 180 mm) 
Water / cement ratio = 0. 35. 
Max aggregate size = 20 mm. 
Concrete density = 2480 kg /m3. 
Total aggregate content = 1180 kg /m3. 
Quantities per m3  
Cement (kg) Water (kg) Fine aggregate (kg) 
Coarse aggregate 
(kg) 
20 mm          10mm
450 160 690 710           470 
M5: mix with superplasticizer 1litter/1.5kg cement 
1)-Characteristic compressive strength:  79 N/mm2 at 28 days. 
Cement type: Ordinary Portland cement. 
Coarse aggregate type: crushed.  
Fine aggregate type: uncrushed. 
Workability: high (60 – 180 mm) 
Water / cement ratio = 0. 3. 
Max aggregate size = 20 mm. 
Concrete density = 2480 kg /m3. 
Total aggregate content = 1885 kg /m3. 
Quantities per m3  
Cement (kg) Water (kg) Fine aggregate (kg) 
Coarse aggregate 
(kg) 
20 mm          10mm
500 150 660 705           470 
 
 
 Fly ash mixes: 
All mixes with fly ash the same of (M5) and a percentage of cement are 
replaced by fly ash as follows: 
1. Mix with 20% fly ash: 
Quantities per m3  
Cement 
(kg) 
Percentage of 
fly ash (kg) 
 
Water 
(kg) 
Fine 
aggregate 
(kg)  
Coarse 
aggregate(kg)
mm20  
Coarse 
aggregate 
(kg) 10mm 
400 100 150 660 705 470 
 
2. Mix with 25% fly ash: 
Quantities per m3  
Cement 
(kg) 
Percentage of 
fly ash (kg) 
 
Water 
(kg) 
Fine 
aggregate 
(kg)  
Coarse 
aggregate(kg)
mm20  
Coarse 
aggregate 
(kg) 10mm 
400 125 150 660 705 470 
 
3. Mix with 30% fly ash: 
Quantities per m3  
 
Cement 
(kg) 
Percentage of 
fly ash (kg) 
 
Water 
(kg) 
Fine 
aggregate 
(kg)  
Coarse 
aggregate(kg)
mm20  
Coarse 
aggregate 
(kg) 10mm 
400 150 150 660 705 470 
3-3 EXPERIMENTAL WORK 
In this study concrete which has high grade  is used. 
Beside the ordinary reference mixes, chemical and mineral admixtures are 
used in this study.  
The study covered the following phases: 
? Preliminary tests : 
To produce a high strength concrete the constituent materials 
should have good quality to achieve the goal. To make sure that 
the available materials are suitable and are satisfying the 
specification required, numbers of standard test were carried for 
each constituent of concrete according to British standard. 
1) Tests on the  raw materials i.e. (cement and 
aggregates) 
                   The preliminary tests done for cement and aggregate were 
as follow:   
Standard tests for cement: 
        The standard tests included:  
     Consistency test:  
                   In order to find out the initial setting time, final setting time and 
soundness of cement , parameter known as standard consistency has to be 
measured . The consistence is measured by the Vicat apparatus. A trial paste 
of cement and water is mixed in a prescribed manner and is put in mould. A 
plunger of 10mm diameter is brought into contact of the top surface of the 
paste and released. Under the action of its own weight, it will penetrate the 
paste, and the depth of penetration should be (5-7mm) from the bottom of 
mould at (26-33%) moisture content. 
              
Setting time test: 
       An arbitrary division has been made for the setting time of cement as 
initial setting time and final setting time. Initial setting time is regarded as 
the time elapsed between the moment that the water is added to the cement 
and the time that the paste starts losing its plasticity. The final setting time is 
the time elapsed between the moment that the water is added to the cement 
and the time when the paste has completely lost the plasticity. 
                                                                                                    
          Using the initial set , needle acting under a prescribed weight is used 
to penetrate a paste of standard consistencely.When the paste stiffens 
sufficiently for the needle to penetrate only to point 5mm from bottom of 
mould (initial set) is said to have taken place .For ordinary Portland cement 
minimum setting time is 45 minutes .                     
            Final set takes place when the needle makes an impression on it put 
is the circle cutting with edge fails to do so. Final set is measured from the 
time of mixing cement and water, and should not be more than 10 hours. 
                                                    
Strength test:  
        Strength testes are made on cement-sand mortars .In this test 1:3 
cement-sand mortar with 8% moisture content by weight is mixed and 
molded , and cured for 24 hours at (18-200C) in 90% humidity and put on 
water tank till the date of test. All cubes were tested for crushing and the 
results of cement tests are shown in table (4.1) .                
Standard tests for aggregates:  
The standard tests include test for fine aggregate and coarse aggregate:          
       
Standard tests for fine aggregate:  
               Are including the sieve analysis and silt content:   
Sieve analysis: 
           The sample of fine aggregate was brought from Algali -North of 
Khartoum and is considered as the best source for fine aggregate in 
Khartoum state. It was analyzed by standard sieve to make sure that the 
grading is the same as the standard.                        
          The sieve analysis results of fine aggregate and the standard grading 
(BS 882:1992)(10) are shown in tables (4.2), (4.3) respectively. 
                   
Silt content: 
        Silt content in fine aggregate should not be more than 3% of the total 
weight of sand according to the (BS882) (10) .Sample of sand weighted and 
washed and after that dried in furnace and the percentage of loss weight 
calculated, found the silt content in fine aggregate about 1%. 
                                                                              
Standard tests for coarse aggregate  
              Crushed aggregates were used in this study because they have 
higher crushing than the natural aggregates. For this reason crushed 
aggregates are preferred to be used in producing high grade concrete. 
                                                                            
          Crushed aggregates available in Khartoum area are produced either 
from Basalt or Granite rocks. In this study crushed aggregates (Basalt) were 
used, the sample of crushed aggregates were brought and tested according to 
BS882.                                              
Sieve analysis:  
          The crushed aggregates are produced by Hassan & Alabid Company 
at Jabal Toria in Omdurman in two sizes, namely (20mm) and (10mm), each 
size was analyzed by standard sieve according to (BS882:1992) and the 
results are shown in tables (4.4),(4.5) respectively . 
                                                                         
Blended aggregate:  
         The two sizes (20mm),( 10mm) were blended by ratio 60:40 by weight 
to give well graded or uniform grading .The sieve analysis results for 
blended sample are shown in table (4.6) according to (BS 882:1992) (10). 
                                                               
Aggregate crushing value (ACV):  
         The samples for two sizes (20mm) & (10mm) crushed coarse 
aggregate were tested for crushing value according to (BS 812-102:1989). 
(11)                                                                                  
Crushing value of coarse aggregate size (20mm): 
Weight of mould =18050gm 
Weight of mould + Weight of aggregate =21450gm  
Pass from sieve 2.36mm =475gm 
               ACV=          475          x 100 =14.0% < 30% O.K 
                                (21450-18050) 
Crushing value of coarse aggregate size (10mm): 
Weight of mould =3290gm 
Weight of mould + Weight of aggregate =3769.4gm  
Pass from sieve 1.70mm =76.7gm 
               ACV=          76.7          x 100 =16.0% < 30% O.K 
                                (3769.4-3290) 
Testing program: 
1) (M1) :  Ordinary reference mix   (w/c=0. 4) 
2) (M2) : Reference mix with admixtures (Superplasticizer) 
to increase the workability (w/c=0. 4) 
3) (M3) : Mix with admixtures (Superplasticizer)  to 
increase the strength (w/c=0.38) 
4) (M4) : Mix with admixtures (Superplasticizer)  to 
increase the strength (w/c=0.35) 
5) (M5) : Mix with admixtures (Superplasticizer)  to 
increase the strength  (w/c=0.3) 
6)  (M6) : Mix with admixtures (Superplasticizer) and fly 
ash (20% replacement of cement)  to increase the 
strength and reduce cement content (w/c=0.3) 
7) (M7) : Mix with admixtures (Superplasticizer) and fly 
ash (25% replacement of cement)  to increase the 
strength and reduce cement content (w/c=0.3) 
8) (M8) : Mix with admixtures (Superplasticizer) and fly 
ash (30% replacement of cement)  to increase the 
strength and reduce cement content  (w/c=0.3) 
All specimens were cured under the laboratory room temperature up to the time of 
testing (3, 7 and 28 days) for mixes with (Superplasticizer) and (3, 7, 28 and56 days) 
for mixes with (Superplasticizer) and fly ash to study the affect of fly ash on strength 
in later age. 
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Chapter four  
  The Test Results and Discussion  
4.1 Test Results: 
4.1.1 Preliminary tests : 
                   The results of cement tests are shown in table (4.1) . 
TABLE (4.1): Results of cement Test  
 
Test Results Requirements of BS 12  1996 
Consistency 29.0% …………………………….. 
Setting Time 
a) Initial 
 
b) Final 
 
2 hrs 
   
2 hrs: 45 min 
 
Not less than 60 min (-15 min) 
 
Not more than 10 hrs. 
Compressive strength 
a) 2  days 
                          1 
                          2 
                          3 
b) 28 days 
                         1 
                         2 
                         3  
 
 
20.6 N/mm2 
20.1 N/mm2 
18.1 N/mm2 
 
45.5 N/mm2 
46.9 N/mm2 
48.1 N/mm2 
 
 
 
Equal or Greater than 20 
(- 2 N/mm2)  
 
 
Equal or Greater than 42.5 
(- 2.5 N/mm2)  
  
  
  
  
 
 
 
TABLE (4.2): Fine Aggregate Sieve Analysis  
  
  
Sieve size 
Mm 
Retained (g) Percentage retained 
Percentage 
Passing 
10 0 0 100 
5 11.2 1.62 98.38 
2.36 64.58 9.32 90.68 
1.18 189.4 27.36 72.64 
0.6 392.9 56.76 .2443  
0.3 567.5 81.98 18.02 
0.15 659.9 95.33 4.67 
Total weight 692.2 100 0 
 
TABLE (4.3): Fine Aggregate Sieve standard grading (BS 882:1992) (10)  
Percentage by mass passing BS sieve 
Addition limits for grading 
F M C  
Over all 
limits 
Sieve size 
- - - 100 10.00mm 
- - - 89-100 5.00mm 
80-100 65-100 60-100 60-100 2.36mm 
70-100 45-100 30-90 30-100 1.18mm 
55-100 25-80 15-54 15-100 600µm 
5-70 5-48 5-40 5-70 300 µm 
- - - 0-15 150 µm 
TABLE (4.4) : Sieve Analysis for (20mm) Coarse Aggregate  
 
Sieve size 
mm 
Retained (g) Percentage retained 
Percentage 
Passing 
BS 882 :1992 
Single size 
20mm(3/4inch) 
50 0 0 100 - 
37.5 0 0 100 100 
20 119.3 4.27 95.73 85-100 
14 1272.5 45.54 54.46 0-70 
10 2513.0 89.94 10.06 0-25 
5.0 2793.2 99.96 .040  0-5 
Total weight 2794.2 100 0 - 
  
TABLE (4.5) : Sieve Analysis for (10mm) Coarse Aggregate  
Sieve size 
mm 
Retained (g) Percentage retained 
Percentage 
Passing 
BS 882 :1992 
Single size 
10mm(3/8inch) 
50 0 0 100  - 
37.5 0 0 100 - 
20 0 0 100 - 
14 0 0 100 100 
10 39.80 3.13 96.87 85-100 
5.0 1145.20 89.95 10.05  0-25 
Total weight 1273.20 100 0 -  
TABLE (4.6) : Sieve Analysis for blended Coarse Aggregate  
Sieve size 
mm  
Retained (g) Percentage retained 
Percentage 
Passing 
BS 882 
:1992 
Graded 
aggregate 
20mm to 
5mm 
50 0 0 100 - 
37.5 0 0 100 100 
20 56.00 2.56 97.44 90-100 
14 597.16 27.32 72.68 40-80 
10 1206.91 55.22 44.78 30-60 
5.0 2097.41 95.96 4.04  0-10 
Total weight 2185.80 100 0 - 
         
 
4.1.2 The results of concrete test for high grade concrete: 
Results are shown in table (4.7), (4.8), (4.9), (4.10) and (4.11) respectively.  
a) Reference mix without admixtures (M1):  
Table (4.7) Results of compressive strength, flexural and splitting strength   
Mean 
strength 
N/mm2 
Strength 
N/mm2  
Load 
 kN 
Weight 
kg 
Age slump w/c 
ratio 
Type and 
doses of 
additive 
 26.20  590 8.900 
26.53 27.60 620 8.870 
 25.60 580 8.890 
3 
days 
 34.89 785 8.800 
36.20 36.89 830 8.710 
 36.89 830 8.790 
7 
days  
 47.33 1065 8.990 
47.85 48.89 1100 8.880 
 47.33 1065 8.920 
28 
days 
10mm  0.4 No 
admixtures 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2) 
Flexural 
strength 
 (N/mm2)  
Load N Division Age 
 5.77 11.535 50 
6.0 6.23  12.457  54 
 - -  
28 
days 
Modulus of rupture, 
PL/bd2, N/mm2 
Mean 
Splitting  
strength 
(N/mm2) 
Splitting  
strength 
(N/mm2) 
Load 
kN 
Weight 
kg 
Age Splitting strength , 
2P/ΠLd 
 3.54  250 14.280 
3.66 3.40 240 14.380 
 4.03 285 14.180 
28 
days 
b) Reference mix with admixtures (M2):  
Table (4.8) Results of compressive strength, flexural and splitting 
strength  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN  
Weight 
kg  
Age slump w/c 
ratio 
Type 
and 
doses of 
additive 
 30.67 690 8.745 
30.15 29.11 655 8.745 
 30.67 690 8.720 
3 
days 
 45.33 1020 8.770 
43.78 42.89 965 8.800 
 43.11 970 8.845 
7 
days  
 56.67 1275 9.170 
57.09 51.56 1160 8.910 
 63.11 1420 8.550 
28 
days 
80mm 0.4 SP 432 
and the 
dose is 
1liter / 
100 kg 
cement 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2) 
Flexural 
strength 
(N/mm2) 
Load N Division 
Age 
 9.81 19.61 85 
9.81 9.81  19.61  85 
 9.81 19.61 85 
28 
days 
Modulus of 
rupture, 
PL/bd2, N/mm2 
Mean 
Splitting  
strength 
(N/mm2) 
Splitting  
strength 
(N/mm2) 
Load 
kN)(  
Weight 
(kg) 
Age 
 3.89 275 14.285 28 
Splitting 
strength , 
2P/ΠLd 
3.41 2.72  192 14.380  
 3.62 256 14.280 
days 
 
 
 
C) Mix with admixtures (M3):  
Table (4.9) Results of compressive strength, flexural and splitting strength  
  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg Age slump 
w/c 
ratio 
Type and 
doses of 
additive  
 42.67 960 9.000 
40.89 40.00 900 9.980 
 40.00 900 9.960 
3 
days 
 54.67 1230 9.020 
53.48 50.22 1130 8.965 
 55.56 1250 8.710 
7 
days  
 63.33 1425 9.120 
64.37 66.44 1495 9.260 
 63.33 1425 9.265 
28 
days 
70mm 0.38 
SP 432 
and the 
dose is 
1.25liter / 
100 kg 
cement 
Modulus of rupture (flexural strength) and splitting strength
Mean 
Flexural 
strength 
(N/mm2) 
Flexural 
strength 
(N/mm2) 
Load N Division Age 
 9.23 18456 80 
10 10.38 20763  90 
 10.38 20763 90 
28 
days 
Modulus of 
rupture, 
PL/bd2, N/mm2  
Mean 
Splitting  
strength 
(N/mm2) 
Splitting  
strength 
(N/mm2) 
Load  ( kN) Weight (kg) Age 
Splitting 
strength , 
2P/ΠLd  
 3.90 279 14.550 
4.24 4.02 284 14.500 
  4.80  340 14.560 
28 
days 
 
 
 
 
 
d) Mix with admixtures (M4):  
Table (4.10) Results of compressive strength, flexural and splitting 
strength  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg Age slump 
w/c 
ratio 
Type 
and 
doses of 
additive  
 39.60 890 8.875 
37.60 36.20 815 8.880 
 36.90 830 8.880 
3 
days 
 44.40 1000 8.930 
46.80 48.20 1085 8.890 
 47.80 1075 8.880 
7 
days  
 64.90 1460 8.910 
63.70 65.30 1470 9.270 
 60.90 1370 8.910 
28 
days 
230mm 0.35 
SP 432 
and the 
dose is 
1.5liter / 
100 kg 
cement 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2) 
Flexural 
strength 
(N/mm2) 
Load N Division Age 
 9.00 17994.60 78 
8.65 8.65 17302.50  75 
 8.31 16610.40 72 
28 
days 
Modulus of 
rupture, 
PL/bd2, N/mm2  
Mean 
Splitting  
strength 
(N/mm2) 
Splitting  
strength 
(N/mm2) 
Load 
kN)(  
Weight 
(kg) Age 
 3.59 253.50 14.480 
3.86 4.11 290.60 14.420  
 3.87 273.50 14.350 
28 
days 
Splitting 
strength , 
2P/ΠLd 
 
 
e) Mix with admixtures (M5):  
 
Table (4.11) Results of compressive strength, flexural and splitting 
strength  
  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg Age slump 
w/c 
ratio 
Type 
and 
doses of 
additive  
 52.70 1185 8.620 
51.30 49.10 1105 8.770 
 52.00 1170 8.845 
3 
days 
 68.90 1550 8.850 
67.50 68.40 1540 8.850 
 65.30 1470 8.850 
7 
days  
 82.80 1863 8.780 
79.20 78.20 1760 8.880 
 76.70 1725 8.900 
28 
days 
225mm 0.30 
SP 432 
and the 
dose is 
1.5liter 
/ 100 
kg 
cement 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2) 
Flexural 
strength 
(N/mm2) 
Load N Division Age 
 9.34 18686.70 81 
8.34 7.61  15226.20  66 
28 
days 
Modulus of 
rupture, 
PL/bd2, 
N/mm2  
 8.07 16149.00 70 
Mean 
Splitting  
strength 
(N/mm2) 
Splitting  
strength 
(N/mm2) 
Load 
kN)(  
Weight 
Kg)(  Age 
 5.44 384.40 14.400 
5.94 6.06 428.10 14.590 
 6.32 446.8 14.730 
28 
days 
Splitting 
strength , 
2P/ΠLd 
 
  
  
Table (5A): Values of modulus of rupture (flexural strength) 
fcr=0.7√Fcu 
 
Flexural strength(0.7√Fcu) N/mm2     N/mm2 compressive strength 
4.84 47.85 
5.29 57.09 
5.62 64.37 
6.23 79.20 
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Figure (1) Relationship between compressive strength and age (days)  
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Figure (2) Relationship between compressive strength at age (days) & 
water-cement ratio  
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Figure (3) Relationship between compressive strength & splitting (indirect tensile) strength    
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Figure (4) Relationship between compressive strength & flexural 
strength (Modulus of Rupture)  
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Figure (5) Relationship between compressive strength & flexural 
strength  
(Modulus of rupture=0.7√ (compressive strength)) 
 
 
 
 
  
  
Figure (6) Relationship between compressive strength & flexural 
strength  
SPLITTING & FLEXURAL STRENGTH
0.0
2.0
4.0
6.0
8.0
10.0
12.0
3.0 4.0 5.0 6.0
SPLITTING STRENGTH(N/mm2)
FL
EX
U
R
A
L 
ST
R
EN
G
TH
(N
/m
m
2)
 
 
 
Figure (7) Relationship between splitting (indirect tensile) & flexural strength 
 
 
    
 
 
 
 
 
 
 
    
  
 
 
4.1.2.2 The result of concrete test with superplasticizer & Fly ash: 
replacement a)20%Table(4.12) Results of compressive strength, flexural 
and splitting strength  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg Age slump 
w/c 
ratio 
Type and doses 
of additive  
 33.0 742.5 8.745 
33.83 33.5 753.8  8.745 
 35.0 787.5 8.720 
3 
days 
 49.6 1115 8.810 
47.3 50.7 1140 8.840 
 44.0 990 8.720 
7 
days  
 71.11 1600 9.000 
72.07 72.11 1622 9.020 
 73.0 1645 8.800 
28 
days 
 86.7 1950 9.250 
81.88 81.87 1842 9.010 
 77.07 1734 9.000 
56 
days 
collapse  0.30 
Fly ash 
,replacement 
20% and SP 
432 & the 
dose is 1.5liter 
/ 100 kg 
cement 
Modulus of rupture (Flexural strength)and splitting strength  
Mean 
Flexural 
strength 
(N/mm2)  
Flexural 
strength 
(N/mm2) 
Load N Division Age 
 7.15 14995.5 65 
8.15 8.997 17994.6  78 
 8.31 16610.4 72 
28 days 
Modulus of rupture, 
PL/bd2, N/mm2  
Mean 
Splitting 
strength 
(N/mm2) 
Splitting 
strength 
(N/mm2) 
Load 
kN)(  
Weight 
kg)(  Age 
 5.54 391.7 14.600 28 days 
Splitting strength , 2P/ΠLd  
4.22 3.45 244.2 14.620 
 3.658 258.6 14.420 
b)Fly ash :replacement 25% 
Table (4.13) Results of compressive strength, flexural and splitting 
strength  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg  Age Slump  
w/c 
ratio 
Type and 
doses of 
additive  
 27.1 610 8.740 
28.0 28.0 630 8.660 
 28.9 650 8.800 
3 
days 
 42.7 960 8.630 
43.11 46.2 1040 8.780 
 40.4 910 8.800 
7 
days  
 64.0 640 2.830 
65.5 63.0 630 2.570 
 69.5 695 2.550 
28 
days 
 77.6 776 2.650 
77.8 76.8 768 2.250 
 79.0 790 2.750 
56 
days 
240mm 0.30 
Fly ash 
,replacement 
25% & SP 
432 and the 
dose is 
1.5liter / 100 
kg cement 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2)  
Flexural 
strength 
(N/mm2) 
Load N Division Age  
 9.23 18456 80 
8.42 7.15 14303.4  62 
 8.88 17763.9 77 
28 days 
Modulus of 
rupture, PL/bd2, 
N/mm2  
Mean 
Splitting 
 strength 
(N/mm2) 
Splitting 
strength 
(N/mm2) 
Load 
(kN) 
Weight 
(kg) Age  
 4.65 328.6 14.030 
4.03 3.12 220.7 14.750 
 4.305 304.3 14.820 
28 days 
Splitting strength , 
2P/ΠLd  
c) Fly ash: replacement 30% 
Table (4.14) Results of compressive strength, flexural and splitting strength  
  
Mean 
strength 
N/mm2 
Strength 
N/mm2 
Load 
  kN 
Weight 
kg  Age slump 
w/c 
ratio 
Type and 
doses of 
additive  
 22.20 500.0 8.690 
22.70 23.10 520.0 8.610 
 22.7 510.0 8.720 
3 
days 
 35.11 790 8.520 
34.40 34.22 770 8.440 
 33.78 760 8.560 
7 
days  
 56.04 1261 8.600 
54.53 54.0 1215 8.740 
 53.56 1205 8.620 
28 
days 
70.67 70.67 1590 8.580 56 days 
235mm 0.30  
Fly ash 
,replacement 
30% & SP 432 
and the dose is 
1.5liter / 100 
kg cement 
Modulus of rupture (flexural strength) and splitting strength  
Mean 
Flexural 
strength 
(N/mm2)  
Flexural 
strength 
(N/mm2) 
Load N Division Age 
 6.69 13380.6 58 
6.98 7.27 14534.1  63 
 6.98 13842.0 60 
28 days 
Modulus of rupture, 
PL/bd2, N/mm2  
Mean 
Splitting 
 strength 
(N/mm2) 
Splitting 
 strength 
(N/mm2) 
Load 
(kN) 
Weight 
kg)(  Age 
 3.47 245 14.220 
3.11 3.20 226 14.450 
 2.66 188.2 14.200 
28 days 
Splitting strength , 
2P/ΠLd 
  
      
Table (10A): Values of modulus of rupture (flexural strength) 
fcr=0.7√Fcu (FLY ASH) 
Flexural strength(0.7√Fcu) N/mm2     N/mm2 compressive strength 
5.94 72.07 
5.67 65.50  
5.17 54.53 
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Figure (8) Relationship between compressive strength and age (days) 
for Concrete made with fly ash  
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Figure (9) RelaƟonship between compressive strength and modulus of 
rupture 
for concrete made with fly ash 
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Figure (10) Relationship between compressive strength and modulus of 
rupture  
For Concrete made with fly ash (modulus of rupture=0.7√ (compressive 
strength))  
  
  
  
  
  
  
  
  
  
  
  
  
  Figure (11) relationship between compressive strength and modulus 
of ruptur  
For Concrete made with fly ash  
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  Figure (12) relationship between compressive strength and splitting strength  
for Concrete made with fly ash  
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Figure (13) Relationship between splitting tensile strength and modulus of rupture 
for Concrete made with fly ash  
  
4.2 Discussion:  
:Preliminary Results and Observations  
      Tests were carried out to ensure that the main constituents of concrete 
(cement, aggregates, admixture), are adequate and conforming to the 
requirements of the standards. 
                                                 
1­Cement :  
      Setting time and compressive strength tests were carried out. In the 
setting time test the quantity of water necessary to produce a paste of normal 
consistency is 29% by weight of cement. 
                                                   
    The initial and final setting time results as compared with BS 12 1996 
specification are shown in Table (4.1). Also results compressive strengths of 
cement mortar cubes and carried out after 2 and 28 days are shown. 
                                                     
2­Aggregates : 
      Tests were undertaken to study the suitability of aggregate for concrete 
making. Sieve analysis was done according to BS 812 and 882:1992. Results 
for both fine aggregate and coarse aggregate were presented in table (4.2) , 
table (4.4) , table (4.5) and table (4.6)  respectively. Note that the fine 
aggregate grading is satisfying the overall limits and the additional limits 
C&M (table (4.3): Fine Aggregate Sieve standard grading (BS 882:1992)) 
which can produce concrete of the required quality. The blended sample of 
the coarse aggregate (Basalt) meets the grading requirement of BS882:1992 
.Also it is worth noting that when the course aggregate was tested for 
strength, the samples for two sizes (20mm) & (10mm) crushed coarse 
aggregate were tested for crushing value according to (BS 812-102:1989). 
Gave crushing factor of 14% and 16% respectively which is less than the 
specified limit of 30                                                                     
3­Admixture 
superplasticizer (conplast SP 432) Type G according to ASTM 494 
           The admixture was used after preliminary evaluation of its effect on 
concrete mixes and under conditions of use laid down by the manufactures 
prior to using the chemical admixture. Ordinary reference concrete mix was 
designed for high workability and (w/c=0.4) which gave a slump of 10mm. 
When using a dosage of 1litter/100kg cement and other constituent materials 
of the mix were kept constant we find that the slump increased to 80mm. To 
achieve high grade concrete with high workability we design different mixes 
with w/c ratio (0.4, 0.38, 0.35, and 0.3). This was achieved by making trial 
mixes of w/c ratio and the doses of admixture (1, 1.25,1.5,1.5litter/100kg 
cement) respectively to obtain high workability.  To investigate compressive 
strengths of the four mixes nine concrete cubes were made for each mix to 
be tested after 3, 7 and 28 days. 
                                                       
? Mineral admixture (Fly ash) : 
        Fly ash was used after preliminary evaluation of its effect on concrete 
mixes by making trial mixes using different percentages of fly ash in 
concrete to replace cement. The percentages of (20%, 25% and 30%) were 
used. The effects of this admixture on different aspects of concrete 
properties were measured. To investigate compressive strengths of the 
different mixes twelve concrete cubes were made for each mix to be tested 
after 3, 7, 28 and 56 days. Fly ash was used to produce high strength 
concrete as a replacement of cement content .At this time we know that the 
price of one ton of cement is about (900 to 1000)SDG and one ton of fly ash 
is about (350)SDG. The following table shows the cost reduction: 
Reduction in 
money in 1m3 
Weight of cement 
replacement in 1m3
Percentage of fly 
ash % 
65 SDG  
100kg 
20%  
81  SDG 125kg 25% 
The price of 50 
kg cement is 50 
SDG and 50 kg 
fly ash is 17.5 
SDG 97.5 SDG 150kg 30%  
4­Workability 
    
        The slump test was used as a measure of consistency when 
admixtures were used with ordinary reference mix having w/c ratio 0. 4. 
Slumps of ordinary reference mix and other mixes containing 
admixtures were 10, 80, 70,230 and 225mm respectively. The observed 
workability of mix containing admixtures was much higher than that of 
the ordinary reference mix. When concrete mix is designed for a given 
slump and cement content, the amount of water needed will be 
substantially less in the case of using of the admixture (plasticizer).As a 
result the water required to produce a concrete mix of a given slump is 
reduced. 
5­Compressive Strength                                              
        Compressive strength results were obtained from the average of three 
cubes under the normal laboratory temperature, and same curing regimes 
;the average rate of strength development for the different mixes of concrete 
cubes are shown in Tables 4.7,4.8,4.9,4.10 and 4.11 for concrete made with 
superplasticizer and in tables 4.12,4.13 and 4.14 for concrete made with fly 
ash and superplasticizer .                                          
Figure (1) showed a higher  rate of strength gain for concrete containing 
admixture(Superplasticizer) at early ages strength for all mixes , and the 
ratio for increasing strength between the mixes containing admixtures and 
reference mix was approximately between  (17.5-  40.5 )% . 
                                                
Figures (2), (3) and (4) illustrated the relationship between compressive 
strength with w/c ratio, splitting strength and modulus of rupture 
respectively for concrete made with and without Superplasticizer. Figures 
(8), (9) and (10) illustrated the relationship between compressive strength 
with age and different percentages of fly ash 20%, 25% and 30%, 
compressive strength, modulus of rupture and compressive strength, splitting 
strength respectively for concrete made with Superplasticizer and fly ash. 
From Figure (8) it was noted that the 20% fly ash is gave more strength. 
                                             In this study compressive strength 79.20 N/mm2 
 was obtained after 28 days for concrete made with superplasticizer and 
81.8N/mm2 for concrete made with superplasticizer and fly ash. 
                                                                                       In all mixes 
containing admixtures - namely (Superplasticizer and Fly ash) – the 
compressive strength increased at 3, 7, and 28 days than normal concrete. 
          
6­Modulus of Rupture: 
         Flexural strength tests were made on ordinary mix and the three other 
batches containing admixtures. Tests  were carried out on (10 x 10 x 50 cm ) 
beams ,loaded at two points .The result are presented in tables  4.7 , 
4.8,4.9,4.10 4.11 and (5A) for concrete made with superplasticizer , the 
result are presented in tables 4.12, 4.13 4.14 and (10A) for concrete made 
with superplasticizer and fly ash .                                            From Figures 
(4) ,(5),(6) ,(9),(10)and (11)   found that the modulus of rupture increased 
simultaneously with compressive strength. 
             
    
7­Tensile splitting strength: 
       Split cylinder strength tests were made on (15 x 30 cm) cylinders of the 
four concrete mixes. The results at 28 days are recorded in Tables 4.7 and 
4.8,4.9,4.10 and 4.11 for concrete made with superplasticizer , the result are 
presented in tables 4.12, 4.13 and 4.14 for concrete made with 
superplasticizer and fly ash. From Figures (3) and (12) found that the 
splitting strength increased simultaneously with compressive strength. 
     Figures (7) and (13) showed the relationship between Modulus of 
Rupture and splitting strength for concrete made with and without 
superplasticizer & superplasticizer and fly ash respectively. 
                                                                                         
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter five 
Conclusions and Recommendations 
 
 
 
 
 
 
 
 
 
Chapter five 
Conclusions and Recommendations 
5.1 Conclusions: 
1-High grade concrete can be produced with available materials in Sudan.  
2- Plasticizing admixtures improve the workability, to maintain a given 
workability or consistency the amount of water required can be reduced. 
                                     
3- Compressive strength increase with low w/c ratio and vice versa.  
4-Using fly ash is more economic to producing high strength concrete by 
decreasing the amount of cement which is reduce the ability of shrinkage. 
                                            
5- 20% Fly ash gave more strength in compressive strength, flexural strength 
and splitting strength than others percentage. 
                                                        
 
 
 
 
 
 
 
 
 
 
 
 
5.2 Recommendations:  
? The studies reported in this thesis have been limit to concrete strength of 
79.2 N/mm2 at 28 days. Further work to produce higher than this value is 
required.  
? It is recommended to use low cement content to achieve high concrete 
strength. 
? The present study has considered the concrete strength on the age of 28 
days; further research should be conducted for 56, 90 and 360 days to 
study the concrete strength on later age. 
? By adding 20% fly ash to the concrete mixture, strength of 72 N/mm2 at 
28 days and 81.88 N/mm2 at 56 days was obtained. Further research can 
be done for 90 and 360 days.  
? Fly ash play main role to produce high concrete strength, different 
percentage of fly ash less or more than those percentages which were 
used in this study can be tested.   
? It is highly recommended that more studies have to be carried on the 
effect of using plasticizing and fly ash for reducing the impact of the 
aggressive environment in Sudan on high grade concrete properties, 
specially strength, durability, shrinkage, creep...etc. 
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Appendix B  
ASTM   Designation: C 494/C 494M - 99a1  
Standard Specification for Chemical Admixtures for concrete 1  
 
This standard is issued under the fixed designation C494/C494M;the number 
immediately following the designation indicates the year of original adoption 
or, in the case of revision , the year of last revision .A number in parentheses 
indicates the year last reapproval .A superscript epsilon (є) indicates an 
editorial change since the last revision or reapproval . 
This standard has been approved for use by agencies of the department of 
defense. 
є 1  NOTE - Range Value 12.2.2 was editorially corrected July 2001  
  1.scope 
1.1 this specification covers materials for use as chemical admixtures to be 
added to hydraulic - cement concrete mixtures in the field for the purpose or 
purposes indicated for the seven types as follows: 
1.1.1 Type A - water- reducing admixtures. 
1.1.2 Type B - retarding admixtures. 
1.1.3 Type C - Accelerating admixtures. 
1.1.4 Type D - water- reducing and retarding admixtures. 
1.1.5 Type E - water- reducing and accelerating admixtures. 
1.1.6 Type F - water- reducing, high range admixtures, and  
1.1.7 Type G - water- reducing, high range, and retarding admixtures. 
1.2 This specification stipulates tests of an admixture with suitable concreting 
materials as described in 1.1.1-1.1.3 or with cement ,pozzolan ,aggregates, and 
an air-entraining admixture proposed for specific work (1.1.4) .Unless specified 
otherwise by the purchaser, the tests shall be made using concreting materials 
as described in 11.1-11.3. 
           NOTE 1-It is recommended that, whenever practicable, tests be made 
using the cement, pozzolan, aggregate, air-entraining admixture, and the 
mixture proportions, batching sequence, and other physical conditions proposed 
for the for the specific work (11.4) because the specific effects produced by 
chemical admixtures may vary with the properties and proportions of the other 
ingredients of the concrete. For instance, Type F and G admixtures may exhibit 
much higher water reduction in concrete mixtures having higher cement factors 
than that listed in 12.1.1. 
        Mixtures having a high range water reduction generally display a higher 
rate of slump loss. When high-range admixtures are used to impart increase 
workability (6 to 8-in.slump{150 to 200-mm}), the effect may be of limited 
duration, reverting to the original slump in 30 to 60 min depending on factors 
normally affecting rate of slump loss. The use of chemical admixtures to 
produce high slump (flowing) concrete is covered by specification C 1017.  
        NOTE 2-The purchaser should ensure that the admixture supplied for use 
in the work is equivalent in composition to the admixture subjected to test 
under this specification (see section 6, Uniformity and Equivalence). 
         NOTE 3-Admixtures that contain relatively large amounts of chloride 
may accelerate corrosion of prestressing steel. Compliance with the 
requirements of this specification does not constitute assurance of acceptability 
of the admixture for use in prestressed concrete. 
1.3 This specification provides for three levels of testing. 
  1.3.1 Level 1-During the initial approval stage, proof of compliance with the 
performance requirements defined in Table 1 demonstrates that the admixture 
meets the requirements of this specification. Uniformity and equivalence tests 
of Section 6 shall be carried out to provide results against which later 
comparisons can be made. 
  1.3.2 Level 2- Limited retesting is described in 5.2, 5.2.1 and 5.2.2. Proof of 
compliance with the requirements of Table 1 demonstrates continued 
conformity of the admixture with the requirements of the specification. 
  1.3.2 Level 3-For acceptance of a lot or for measuring uniformity within or 
between lots, when specified by the purchaser, the uniformity and equivalence 
tests of Section 6 shall be used. 
  1.4 The values stated in either inch-pound or SI units shall be regarded 
separately as standard. The values stated in each system may not be exact 
equivalents; therefore, each system must be used independently of the other, 
without combining values in any way. 
   1.5 The text of this standard references notes and footnotes which provide 
explanatory material. These notes and footnotes (excluding those in tables and 
figures) shall not be considered as requirements of the standard. 
  1.6 The following precautionary caveat pertains only to the test method 
sections, Sections 11-18 of this specification: This standard does not purport to 
address all of the safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory limitation prior to 
use. 
. Referenced Documents 
 2.1 ASTM Standards: 
 C 33 Specification for concrete Aggregates2 
 C 39/C39M Test Method for Compressive Strength of Cylindrical Concrete 
Specimens2  
 C 78 Test Method for Flexural Strength of Concrete             
         
 
 
 
 
            1 This specification is under the jurisdiction of ASTM Committee C90 on 
Concrete Aggregate and is the direct responsibility of subcommittee C9.23 on Chemical 
Admixtures.  
        Current edition approved Oct. 10, 1999. Published December 1999. Originally 
published as C 494-62. Last previous edition C 494-99. 
        2 Annual Book of ASTM Standards, Vol 04.02.  
 
 
 
Appendix C  
Conplast  SP432MS*  
 
High performance superplasticising  
 
Uses:  
? To provide increased ultimate strength gain by significantly 
reducing water demand in a concrete mix . 
? To significantly improve the workability and retention of site 
mixed concrete without increasing water demand . 
? To provide improved durability by increasing ultimate 
strengths and reducing concrete permeability . 
? Specifically developed for use in high quality concrete mixes 
utilizing cement replacements . 
 
Advantages :  
 
? Makes possible major reductions in water : cement ratio which 
allows the production of high strength concrete without 
excessive cement contents . 
? Increased workability levels are maintained for longer than 
with ordinary sulphonated melamine and naphthalene 
admixtures.  
? Improved cohesion and particle dispersion minimizes 
segregation and bleeding and improves pumpability . 
? Chloride free , safe for use in prestressed and reinforced concrete. 
                        
 
 
 
 
 
Standards Compliance: 
      Conplast SP432ms conforms with bsen934-2&ASTM C494Type B, D and 
G, depending on dosage  used . 
Description: 
        Conplast SP432MS is a chloride free , superplasticising admixture 
based on selected supplied as a brown solution which instantly disperses in 
water. 
       Conplast SP432MS disperses the fine particles in the concrete mix 
enabling the concrete to perform more effectively . The very high levels of 
water reduction possible allow major increases in strength to be obtained . 
Technical support: 
        Fosroc offers a comprehensive technical support service to specifiers , end users and contractors . an AutoCAD facility and 
dedicated specification assistance in locations all over the world. 
                                              
DOSAGE: 
        The optimum dosage of conplast SP432MS to meet specific 
requirements always be determined by trial mixes using the materials and 
conditions that will be experienced in use. 
For high strength, water reduced concrete , the normal dosage range is form 
1.0 to 2.5 liters/ 100kg of cementitious material , including PFA, GGBFS 
and microsillica . 
  
Use at other dosages: 
        Dosages outside the typical ranges quoted above can be used to meet particular requirements , contact Fosroc for advice. 
                                                               
Effects of overdosing: 
         An overdose of double the amount of conplast SP432MS will result in 
an increase in retardation as compared to that normally obtained . provided 
that adequate curing is maintained , the ultimate strength of the concrete will 
not be impaired by increased retardation and will generally be increased . the 
effects of overdosing  will be further increased if sulphate resisting cement 
or cement replacement materials are used. 
 
Properties: 
 
Appearance                           :        Brown liquid   
Specific gravity 
(BSEN 934-2)                       :        1.19@22+2 C 
Water soluble chlorides 
 (BSEN 934-2)                      :NIL 
 Alkali content                       : Typically less than 50g.Na2o 
(BSEN 934-2)                         equivalent/liter of admixture 
 
Instructions for use : 
Mix design: 
         Where the main requirement is to improve strengths, initial trials 
should be made with normal concrete mix designs the addition of the 
admixture will allow the removal of water from the mix whilst maintaining 
workability. After initial trials minor modifications to the overall mix  
design may be made to optimize performance . 
Where the main requirement is to provide high workability concrete, the mix 
design should be one suitable for use as a pump mix. Advice on mix design 
for flowing concrete is available from Fosroc. 
 
Compatibility : 
        Conplast SP432MS is compatible with other Fosroc admixtures used in 
the same concrete mix. All admixtures should be added to the concrete 
separately and must not be premixed together prior to addition . the resultant 
properties of concrete containing more than one admixture should be 
assessed by trail mixes. 
       Conplast SP43 MS is suitable for use with all types of Portland cement 
SRC cements and cement replacement materials such as PFA,GGBFS and 
micro silica . 
       The use of a combination of admixtures in the same concrete mix and or 
cement replacements may alter the setting time . trials should always be 
conducted to determine such setting times. 
Dispensing:  
        The correct quantity of conplast SB432MS should be measured by 
means of recommended dispenser.Normaly ,the admixture should then be 
added to the concrete with the mixing water to obtain the best results . where 
high workability concrete is required from normal workability concrete 
delivered to site, conplast SP432MS may also be added to concrete direct 
into a ready mix truck .Full blending of the admixture and the concrete 
should be ensured by mixing at high speed for a period of at least tow 
minutes. 
Contact fosroc for advice regarding suitable equipment and its installation. 
Estimating – packaging: 
      Conplast  SB432MS is available in 210 liter drums or bulk supply . for 
larger users, storage tanks can be supplied . 
Storage: 
    Conplast SB432MS has a minimum shelf life of 12 months provided the 
temperature is kept within the range of 20C to 500C.should the temperature 
of the product fall outside this range contact fosroc advice . 
  
Freezing point: Approximately –20C 
PRECAUTIONS:  
Health and safety  
        Conplast SB432 MS dose not fall into the hazard classification of current regulation of current regulations . However ,it 
should not be swallowed or allowed to come into contact with skin and eyes. 
     
Suitable protective gloves and goggles should be worn . 
       Splashes on the skin should be removed with water. In case of contact 
with eyes rinse immediately with plenty of water and seek medical advice. If 
swallowed seek medical attention immediately – do not induce vomiting . 
Fire: 
Conplast SP432MS is water based and non-flammable . 
Cleaning and disposal : 
         Spillages of Conplast SP432MS should be absorbed onto sand , earth 
or vermiculite and transferred to suitable containers. Remnants should be 
hosed down with large quantities of water. 
        The disposal of excess of waste material should be carried out in accordance with local legislation under the guidance of the 
local waste regulatory authority.                   
Additional information : 
Conplast SP432MS is a retarded version of Conplast SP430* 
  
 
 
 
 
 
 
 
 
 
 
 
 
* Denotes the trademark of Fosroc International Limited 
 
  
